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PREFACE

Thic report was prepared by the Aerospace Systems Division, Aerospace Group
of The Boeing Company, Seattie, Washington 98124, The Boeing Company program
manager was Mr, Vladimir Deriugin, head of Heat Transfer and Thermal Protection
in the Structures Reseorch & Development Organizatio.

The program was initiated under NASA Coniract NAS 9-7964, Analysis of
the Apollo Heat Shield Performance, issued through the National Aeronautics and
Space Administration, Manned Spacecraft Center, Houston, Texas 77058, The
NASA technical monitors were Messrs, Don M, Curry and Paul Murad of the
Thermal Technology Branch of the Structures and Mechanics Division,

Results obtained during this study are published in two volumes: Volume I,
Analytical Methods; and Volume [, CHAD Computer Program., Boeing document
numbers assigned to these volumes are D2-114433-1 and -2, respectively.
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The one-dimensional CHAD (CHarring Ablation with Diffusion) computer pro=-

ANALYSIS OF THE APOLLO
HEAT SHIELD PERFORMANCE

By David W, Halstead, Richard S, Gaudette,
Edvardo P, del Casal, and Viadimir Deriugin

GENERAL INFORMATION

gram described.in this document was deveioped from the ablation analysis portion

of the existing Boeing CHAP* program.

investigation on the ablation performance of the Apollo vehicle ablation material
(AVCOAT 5026-39/HC-C).

The CHAD computer program was developed to include the folliowing areas
of analysis:

1)

2

6)

Three reaction zones (virgin plastic pyrolysis, silica~carboa reactions,
and carbon deposition).

Temperature, composition, and pressure variant thermal conductivity
and specific heat for the char and virgin plastic.

Variable char density and variakle char composition.
Gas specific heat which can be varied with time and composition.

Internal pressure profiie determined and gas diffusion calculated.

Erosion rate prediction by the shear recession correlation of reference 1.

. The CHAD ablation model is gnven the boundary layer conditions as input
data. The surface heat balance includes surface sublimation and surface combus=

tion terms,
and, as much as possible, system independent,

The program is written in Fortran IV, It is machine independent -

*  The CHAP program is a combination convective heating and ablation analysis
program. The ablation -analysis portion'is commonly called the CHARM pro-

gram,

Reference 2 describes the CHAP program, and reference 3 descrlbes

the initial CHAPM program,

)

This was done in support of the analytical

!




Purpose

The purpose of the CHAD computer program is to predict the performance of
charring ablators with more confidence, It provides an ablation analysis ~f more
sophistication than previous programs by including multiple internal recctions and
internal diffusion. Surface recession ic determined and profiles of temperature,
densities, gas flow rate, internal pressure, and gas concentrations are calculated.

Assumptions

A number of assumphons are made to slmpl ify the program model, A brief
list follows: ot

)

2

4)

5)
6)

. N
8)

Virgin material is considered to be a combination of char material and
decomposable material, The char material is considered to be silica
and carbon,

Internal radiation may be accounted for in the thermal conductivity
term,

The thermal conductivity of the ablation material is a linear combin-
ation of the thermal conductivity of the char material and of the

decomposable material,

The thermal capocity of the ablation material is a linear ‘combination
of .the thermal c¢apacity of the char and of the decomposable material.

Thermal expansion or contraction is neglected,

The mass flow rate of the gos equais the amount formed or used wo;

that is, there is no capdcity term in the gas fiow equation,

The gas is in thermal equilibrium with the solid,

There.is no separately~considered gas thermal conduction,

The Flmfe-dufferance equahons, whuch uoproxlmate the - rmthemhcal model
use the following assumptions:

1)

The temperature of a nodal Interfoce represents the femperatuvg of -
the adjacent half-nodes. - u




2)

3)

TS YR
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Each half -node may be represented by a single density.
The thermal conductivity at the midpoint between nodal interfaces

is a function of the average temperature and density of the two
adjacent half-nodes.

Limitations

Limitations of the CHAD computer program are:

2

3)

4)

There is some limitation inherent in the problems input to the program.
Very high surface recsssion can cause the problem solution to become unstable.
A rapidly oscillating heating rate to the ablation surface can result in an unstable
problem solution, In each case above, the problem solutions require small time-
stepe for calculation resulting in excessive use of computer *ime and, in some
cases, a computer error stop would result,

The following sectians deal with the mathematical model used in the CHAD -
computer program. The govermng equations and procedure of solution are dis-
' cussed.  All quantities are in consistent f.p.s. units, unless otherwise noted in

- the text,

’ m*e context of their use,

The maximum number of materials for one problem is 10,

The maximum number of nodes is 100 and the minimum is 2,

Char thermal properties and density are the same for all materials, -
The .maximum number of major nodes* in the pyrolysis reaction zone -
is 16, The program, as it operates, will not allow more nodes to '
be included in the pyrolysis reaction zone., It will wait until a

node is dropped by near exhaustion (85%) of decomposable material
before picking up a deeper node for the reaction zone. :

PROCEDWRE

Most symbols are defined both in the nomenclafure and in tha tmmed-

%

Major nodes are the nodes as input, They are quartered by the progrom for
the pyrolysis reaction zone. o A o




-

“e

X £ <€ — -

Nomenclature

frequency factor; arec

activation: temperature

biowing parameter

specific heat

concentration of species

source (or sink) of species i

binary diffusivity

weight fraction of pyralysis gas which is deposited as solid carbon
gravitational consiant

heat transfer coefficient ,

heat of decompésifion at temperature T

thermal conductivity; specific reaction ra'e

diffusion reductior; §oromfer, eq. (29} £y
equilibrium constant

mass flux

molet;ular' weight

order of reaction

pressure

heat flux

total heat flux

radius; reaction rate

gos constant ' l - - g
surface recession rate : - o , ' -
time ‘
temperature
velocity in y~direction

mass fraction

distance o , .- {")
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Subscripts

a

ac
air
char

conv

CH

comb

dep

eq

distance
compressibility factor
absorptivity
permeability

emissivity

y/’S

viscosity

porosity

density

Stefan-Boltzmann cons*ant
tortuosity

blocking efficiency

mass fraction

and Indexes:

average quantity

of active (decomposable) material
of air

of char formed after virgin plastic pyrolysis
convective

carbon

methane

combustion

decomposable

diffusion regime

of deposition of carbon
equilibrium

of flu'd

of gases

SR Ak A SRR, B st e By, KA et 27 s o
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ap gas phase
H of hydrogen
i species index

i time=step index

K see eq. (24)

m of porous matrix

) initial vaive

02 of oxygen

P at constani pressure

P, PYr of pyrolysis gas
r reactant
R reaction regime

of solid; ot surface

w

SiO - of silicon monoxide
sub sublimation tetal
trans transition regime
T temperature
v of void
VP virgin plastic
X in x=direction
viscous
y. inertial
@ freestream or unsaturcted condition
+ on positive side of interface
- on negative side of interface
Superscriprs:
time derivative
- average quantity
- vector quantity
* reference quantity
/ corrected value



Mathematical Model

The mathematical model represents a simplified physical model that will be
described briefly. The virgin ablation material is considered a porous char filled
with decomposable material. When the decomposable material is heated, it decom-
poses to form a gaseous product. Eventually only the char remains. The gas tiows
freely toward the heated surface. Within the char, the gaseous hydrocarbons can
undergo a deposition reaction wnich results in carbon depositing in the char and
hydrogen gas being formed. The char is assumed to be a conbination of carbon
and silica. The carbon and silica may react to ferm gaseous SiO (silicon monoxide)
and CO (carbon monoxide). The char at the surface may sublime, burn, and erode

which resulis in surface recession. Thermal expansion and contraction are neglected.

Main Governing Equations

Equarion of continuity for the fluid. ~ The simplified equation assumes that
the change in mass flux of the gas equals the change in solid density; that is,
there is no capacity term in the gas flow,

cm - (])

Energy equation for the solid, - The thermal conductivity of the solid includes
the radiative component. Gaseous conduction is neglected.

For use in the CHAD program, this equation is recast as follows:

3p.
T _ 2 oT | .ot .
ps CPIS 3;' = "'a‘;" ( . ‘a'y_‘) Cp'g mg 57- + 2 (HT'i _57_) (3)

where HT = heat of reaction ot temperature T,
m = gas flux,
and p, = density of reactant i,

TV

5 Mh DU TP B a1 AN s s

prwc




Diffusion equation.~ To determine the concentrations of different gases with-
in the ablation material, the following equation is used:

. oC, .
3, (€, --Dlé—y-)=Ci (4)

Convecticn - Diffusion = Source

where C, = concentration of species i, mass per unit void volume,
{
C“,i = source (or sink) of species i,
D. = binary diffusity, used as an approximation of diffusivity

in the multicomponent mixture,

and v = velocity in y~direction

Pressure distribution, - The following modified Darcy equation is used for the
pressure distribution in the porous media:

2
LA LA LA (5
2y r r
1 2
where F] = viscous permeability
and FZ = inertial permeability.

Equations for thermal and flow properties.~ The virgin plastic ablation
material undergoes pyrolysis upon being sufficiently heated and eventually reduces
to an irreducible char, The properties of the partially decomposed material are
considered to vary between those of the virgin material and those of the char.
The mathematical model used treats the virgin material as a combination of active
(decomposable) material and irreducible char,

Heat capacity of the sohd - The heat capacity of the solid (p Cp,s teim)
is solved in terms of the virgin plastic and char properties for the pyrolysus re=-
uction zone and beyond. The specific heats are considered to be a function of
temperature and are determined by the following cubic equations:
¢ o = Egp * FT + G T2 s W, 1 L
p, VP VP VP VP VP (5a)
= 2 3
c:p, char ECthl‘ i Fchcr T+ Gchur T +H T

{6b)

The cubic coefficients are part of the input data,

(.



g

In the pyrolysic reaction zone, the char density is held constant. The fol -
lowing equation is used for the hea! capacity:

p
p_c = | (pyp € ) - (p c ) —-——(ic-—— + P c (7) _
s p,s VP “p, VP char “p, char pVP pchar char “p, char

where P oc is the density of the active mcierial, and veries between

)

<& < -
0= Fac = (pVP P ehar
The magnitude of p . depends on the extent of decomposition in the region being
considered. It is zéro when the material is completely decomposed and is
(PVP -pchor) when decomposition has not yet been initi_‘ed.

Beyond the pyrolysis reaction zone in the direction cf th= ablation surface,
the char density varies because of the char deposition and silica-carbon reactions,

The heat capacity of the char in this region is determined as Ptar o char using
the ¢ har found from the cubic equation for the char. a P
Thermal conductivity of the solid, - The thermal conductivities of the virgin
' plastic and of the char are considered to be functions primarily of temperature and
are determined by the following cubic equations:
ko = A, * B T+ C T2+D T3 (8q)
VP vp v VP VP
= A +8, T+C T2+D T3 (8b)
char char char char char

The cubic coefficients are part of the input data. The follawing correction is
applied to the caictlated virgin conductivity to take into account the effect of

3 pressure,
¢ _ k\/P

- +.0001120 ©)
vP (._622 + 2,164 1)

k

P

In the pyrolysis reaction zone, the thermal conductivity depends on the
extent of the decomposition of the virgin material.

v ™ ke )(p ac )+ k (10)
char \Ffyvp pchar char

L T
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Beyond the pyrolysis reaction zone in the direction toward the ablaticn sur-
face, the char conductivity may at times be considered a function of density as
well as of temperature. (The present documented version of the program is not
using any veriation of char thermal conductivity with density.) Equation (10) is
still used, if any decomposable.material remains.

Specific heat of the gas, - The specific heat of the gas is considered to be
a function of temperature only. It is determined by a cubic equation whose cubic
coefficients are inciuded in rhe input data.

c = A +B 7T +CT1T° +DT (1)

Viscosity of the gas. =~ The viscosiry of the gas is determined from the follow=

ing relation:
I 0.7 ,
g =w[ ] m

Where p* is the viscosity at the reference temperature T*,

Molecular weight of the gas, - The average melecular weight of the total
gas is found by the following:

— - p
M= —9 K

D, :
b5 g,
2(%)

Porosity of the solid. - The porosity of the virgin plastic or of the materigl
in the pyrolysis reaction zone is found by

pS
§=1 -5 (4
where £ = porosity
and p*= theoretical maximum density of the virgin material,
‘The porosity of the char is found from
sio,
3 =1 - - (15)
char Pi0." A |

where Psio * theoretical maximum density of silica
2

%

C

Il

and p theoretical muximum density of carbon, -

10
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Permeabilities of the solid.- The viscous and inertial permeabiiities are
given by the following relationships

3 2 1.4
RO A Y AT T
where I‘] = viscous permeability,
I’]* = viscous permeability at the reference porosity,
and §* = reference porosity.
2 *
S 1 -§
-t (F) (53F) “”
where I‘2 = inertial permeability,
]'2* = inertial permeability at the reference porosity,
and §£* = reference porosity.

Diffusivities of the gases. ~ The diffusivity for hydrogen through the other
gase: in t%/sec is tound by

D _ .0551 T3/2
- ) 18
Hy o’ pPQ (9
where . .
Q= o0.s87e 0¥ (‘9‘@‘)[' - '°°7(T;a')] “ (19)
The diffusivity for each of the other gases through the remaining gas is found by
D - .0308T3/2 ’
O  @o.49’PQ - (20) .
where -
| -0t (3g) [+ - 007 (zz)
Q= 0.87 ¢ ~0181 () [t - 07 ()] 21)
Velocity of the gas. = The velocity of the gas is determined by
Y
Vo= — : (22
p
| 9Y P M '
with the gas density, based on void volume, defined ns pg,v =TT (23)

n

AT ORI {3& Lrpisen ‘&MMM# FRIRANET b fh W BRI BT ens e TS e
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where = gas mass flux per void area,
M = average molecular weigh! of the gas,
P = pressure,
R = gas constant,
T = temperature,
and pg,v= gas density based on void volume

Reaction equations, ~ There are three different types of in-depth reactions in
the ablating material which are provided for in the CHAD program. tThey are the
virgin material decomposition reaciion, the carbon depesition reaction, and the
silica=carbon reaction,

Virgin material decomposition reaction. - The ablation rate of the virgin plas-
tic is assumed to follow an Arrhenius rate law., The ablation rate is

n
fac ..}2: A p [_..f_)“_c__..__] < (24
ot kTVP pVP ‘_ pchar _

k=1

The Arrhenius equation is present in this form since it recdily uses the constants
available in the literature and since it behaves in a manner compatible with the
ablation model. A series of two reaction terms is used to represent the decompo-
sition of the active material.

Carbon deposition reaction, = The carbon deposlf:on reachon uses a Langmuir~
5 Hinshelwood model. It |s

2 2
{4? y+[(P X ) - P 'Jz+4p P. yz -4pP .. P yz}
R ot H, " Hy ' "eq, dep CH4 CH4 Hy CH4 H,
C,dep

; 72
[l P, y+?P z -2P P yz]
Hy CH, CH4 H,

(25)

For more details on this equation, mcludmg values of the constants, see Volume 1,

page 23, of this report,

Silica=carbon reaction, = An Arrhenius type equcshon is used for the reachon
of silica and carbon,

n
Pe. £,
-Bf/l SuO2

(26)
psacz, o »

12
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where . mSioz = lb,m 5102 reacted per ft =~sec
pSi02 = density of silica per total volume,
and

pSiOQ,o = initial density of silica

_ The reaction constants are parf of the input data.

Surface recession equations. - Surface recession results from surface sublima-
tion and combustion and from surface erosion. The combination of these processes
gives the total suface recession,

Surface combustion. - The combustion is either reaction-controlled, diffusion-
controiled, or a combination of these.

Reaction regime. =~ For the reaction regime (low surface temperatures), the
combustion rate is determined using an Arrhenius type relationship -which is

n
. _ afo.2ip e‘B/T
Meomb,R 2116.2

(27)

For carbon, the constants in this equation are shown in reference 4 to be .

4.473 x 108 < A < 6.729 x 10°
3.8315 x 107 < B < 3.9855 x 10°
0 <n <1 - ’

Generally the reaction order n is taken to be 1/2.

Diffusion regime. ~ For moderate surface temperatures, the diffusion regime
is the controlling regime. The diffusion controlled combustion rate is (reference 5)

ri‘coml:), D - BrYH ) (28)

The "constant B*, called the blowing parameter, is shown in reference 5 for car-

- bon to be

8* = 0,1737

13
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The blowing parameter B* is usually determined for a reaction betweesn oxygen and
a single scrface material. Reference 6, however, performs a simplified analysis
showing the effects of the ablation gases competing with the surface material for
the oxygen in the boundary Iayer After a slight modification, the results of the
analysis are

- B*yH -K rhg (29)

mcomb, D

where K is a material property herein called the [#fusion reduction parameter.
This equation indicates that the combustion rate is reduced due fo the oxygen in
the boundary layer reacting in part with the ablation gases rather than entirely
with the surface. ‘

Transition regme- The transition regime consists of the gradual transition
from the reaction regime to the diffusion regime. The ablation rate is showr in
reference 7 to be ’

. 1/n 4 /n . . 1/n
( : ) = ( — +(. ) | (30)
char, comb Tcomb, R Mcomb,D / :
: where n is the reaction order. The above equation is used to defme the surface {_\)

f—

combustion rate for all regimes, The heat flux to the surface is increased by the
amount of surface combustion, which is assumed ‘o be

9¢char, comb - Mchar, comb Hchqr,comb . - 31

Surface char subllmahon - At high temperatures the char begins sublnmmg
Reference 7, which analvzes carbon, shows the sublumahon rate to be

P

= : s . BT | 32)
Mehar, sub A Mcomb, D [2”6.7 ¢ . 62

where, for' the subiimation of carbon, the constants are

A= 1.6x10°
) B = 1.1 x 10°%R
C = 0.67

14 S |
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As the char surface sublimes, the heat flux to the surface is reduced by the heut
absorbed in char sublimation which is assumed to be

(33)

qchcr,sub B M char, sub Hchar,sub

Surface erosion. = A shear removal correlation for the surface recession of the
Apollo ablation material was developed in a previous NASA contract. For ease
of analytical input this correlation is divided into three straight lines for use in
the CHAD program (see Yolume 1, page 35}, and the amount of material fost by
shear removal is included in the surFace recession calculated.

Ablation surface heating. - The heat flux to the surface is the sum of a
number of individual fluxes

-

qqu = Ymisc ~ %ad +qcomb,g T 9, sub * qcomb,s - \chonv (34)

- where éfot = total flux,
° g . = unblocked heating to surface,
misc , . :
c’;m 4 = heat reradiated by ablation surface,
qcomb,rgp = gas phase combustion,
3 -~ b . . - . .
C!C,sub carbon sublimation,
Qomb,s - surface gjombushon,
Y = blocking factor,
and qconv = unblocked convective heating.

Procedure of Solution

The calculation of temperatures is the backbone of the solution. The size

~ of the time step and the decision on whether or not 1o reiterate at a given time

step is controlled by the amouni' of deviohon between estimated gnd caicu!oi‘ed

temperotures

The one-dimensional heat equation ‘is solved by the implicit Crank~Nicolson
finite difference method (reference 8). The material properties which are func-
tions ¢f a number of vonables, particularly temperature, ‘are determined at o
temperature which is an average of the old-calculated and the new-gstimated tem-

.. peratures. The varicbles other than temperature are  largely qlecoupled from each

other. - E v

15
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In the Crank-Nicolson finite difference procedure, o matrix equation of the
form AT = d results where A is a tridiagonal matrix. The set of simultaneous
equotions is reduced by Gauss elimination.

The order of solution is briefly:

(1) infernal jus piessuses are calculoted from the modified form of Darey's
equation.

(2) The gas componant concentrations are separately determined by an implicit
finite=difference soluticn of the diffusion equation.

(3) Temperatures and decomposable densities are estimuted for the end of the
time step (i + 1). . . . .
(4)  Surface recession is defen]v:!ined Tkis esfabhshes the posmon of movmg
nodes at tim~s (j + 1/2) and (j + 1).

(5) Decomposuble densities are calcu!oted via an Arrhenius type cguation.
Pyrolysis gas rate and pyrolysis reaction heat are found qu eoch node.

- (6)  Similarly, the silica=carbon and ‘he carbon deposition reactic.s are col- { “'}
culated o determine the silica and carbon densities, the sources of s:hcon S
monoxide and carbon monoxide, and the sink for [/rolysis gas. ,

(7)  Thermal conducﬁvity and thermal cupacity are deter: ined.
(8) The elements of the frldnagonal matrix for the iemperufure determmohons
’ are calculated and are reduced by Gauss ehmmuhon - :
()  The front ablation surface heat balance is calculated.
(10) Tempemiures'aie colculated from the front to the back.
(M ¥ the temperatures estimated agree (within the error criterion) with those - P
calculated, the time step is complete. Otherwiss, the process from ) ;
step 3 through step 10 is repeated. If the process does. not succeed in3 :
attempts, the time step is reduced in size. o ) o
RESULTS AND DISCUSS'ION .
The accurocy of the progrum is d‘ﬁ'ncuif to venfy when it is run wiih uﬂ ‘ % :
possible complexities, such as reactions, surfuce recassion, cnd voriqbie thermal o R
and flow properties. : L - 0 g '
- ij
. F

16
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The basic one=-dimensional solid thermal conductivity model within the program

ha: been verified to give excellent agreement with analytical results determined
independernitly for the following cases:

1. Finite slab, constant properties, uniform initial temperature, insulated
at *he rear surface, constant heat flux at the front surface.

]

Finite slab, constant properties, uniform initicl tempercture, insulated
at the rear surface, constant teraperature at the front surface.

3. Semi-infinite slab, constant properties, varioble initial temperature,
corsiant temperatures at both surfaces, one surface which is moving
with a constant velocity.

The other parts of the program -~ those sections where surface recession rates,
gas component concentrations, internal and surface reaction rates, and interna!
gaos pressures and velocities are aetermined - were checked separately by compar~
ing their results with expected results.

CONCLUSICNS AND RECOMMENDATIONS

The CHAD program is based upon the CHAP program which has been used
successfully for nearly three years. The CHAD program which has been developed
from it through modification is a very versatile tool for the examination of new
parameters not previously open fo examination, such as the effect of permeability,
diffusivity, char=density changes, char-deposition reaction, and ihe silica-carbon
reaction. It w'll find its greatest initial use in the investigation of these para-
meters.

Because the contract for which CHAD was developed was o study of the
Apollo h at shield perfc.mance, the program is rather specific to this material.
In addition, because it is a modification of a more general program [and was
kept compatibie with that program (CHAP), so that it might be used as a part of
it] it contains many parts from CHAP which are not needed in the present CHAD

program.

In its present form, CHAD can be considered as a good basis for a more
generalized ablation performarice prediction program.

17
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INPUT-QUTPUT

Input

All user supplied input is via punched cords. There are two types of datfa
cards provided to the program. One type is the stundard data cards; the other
iype is a set of biock data subroutine cards. The standard dota cards are in the
order: TITLE, TABLES, MATERIALS, and INITIAL TEMPERATURE.

Standard data card input, TITLE, - The first data card is the title card, ond
all information in columns 1-72 on this card is printed out on the run output.

Standard data card input, TABLES. - There must be four tables provided.
Either table 3-1 or table 3-2 is input, not both. The independent varigble in
all cases is tim:. The tables must be in the order of increasing time except for
the iast card. The last card, which is not actually a point of the table, has
time equal to zero to signal the end of the table. From the four tables, the low-
est maximum time is picked for the end problem time. Each of the tables can
heve a moximum of 99 data points. The tables are listed below:

Table Card no. Card type Format Columns Value

1. Max. calculation 1 Table no. 110 1-10 1

time-step control
2 to n=-1  Table points  2F10.0 1-10 Time,sec

11-20 Max. calcula=
tion time=-step,

sec
n End F10.0 1-10 0
2. Print time=step = 1 Table no. 110 1-10 2
control
2 to n=1 Taule points 2F10.0 1-10 Time, sec
11-20 Print tir:e-step,
sec
n End F10.0__ 1-10 0
3=-1 Surface heat 1 Tabie no. 2110 1-10 3
flux 1120 i

TR e BRI e
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Table Card no.  Card type Format Columns  Value
"3-1 Sudoce heat 2 to n-1  Toble points 4F10.0  1-10  Time,sec
fiux (Concluded) 11-20 Recovery en-
thalpy Bfu/lbm !
21-30 Heat transfer
paromezi’er,
Ibm/f’f —ec
l 31-40 Heat flux un-
i offected by
blocking,
. Bty /ft=sec
L n End Fi0.0 1-10 0
3-2 Surface temper- 1 Table no. 2110 1-10 3
ature
11-20 2
2 to r~l Toble points 2F10.0 1-10  Time,sec
11-20  Temperature,
oR
n End F10.0 1-10
[ 4. Local static pres= 1 Table no. 110 1-10
sure and flow
condition
2 to n-1 Table points 4F10.G  1-10  Time,sec
11-20 Local static ”
pressure, lbf,/ff'
21-30 1. for laminar o
2. for turbulent
3140 Local shear 2
siress, Ebf/in
L n End F10.0 1-10 0 N

" The maximum calculation time=step control table is used to set the maximum
time-step that the program may use in the calculation.
The following table will illustrate.

trol table sets the times for print,

The print time-step con-

19




Time Print Time Step

0. 3.

10. 50.
100. 300.
1000. 300.

The times that wouid ke printed are 0., 3., 6., 9., 10., 60., 100., 400., 1000.
Toble 3-1, the surface heat flux table, provides the date for a heat flux drive
to the ablation surfoce while Table 3-2, the surface temperature tzble, provides

a temperature drive for the ablation surface. Table 4, the local static pressure
and flow condition table needs no added explanation.

Standard data card input, MATERIALS and INITIAL TEMPERATURE. - The
material widths and noding are input by cards in the format shown Eglow. They
are ended by a final card with a zero for the material number.

Card no. Card type Format Columns Value
i 1 to n-l Material 110 1-10 Material number
2A6 11-22 Material name
F10.4 3140 Material width, in.
110 41-50 Number of ncdes
n End F10.0 1-10 0

Materials are numbered from 1 to 10. The material number must correspond to
the proper material data in the block dota subroutine. In the supplied block data
subroutine Material 1 is AVCOAT 5026-39/HC-G and Material 2 is aluminum
(202473). The order of the material cards must be from back surface to front
ablation surface.

The final data card is the initial temperature card:

Card type Format Columns Value
Initial temperature F10.4 1-10 Initial temperature

for all nodes

Block data input.~ Material properties, reaction constants, erosion constants,
nodal spacing, and initial temperatures are introduced as da%s via a block data
subroutine, BLKD/D2, See page 99 for a listing of the block dota program from the
samole cases, All cards above the second DATA statement card are always required

20
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without change as is the final END card. Datz is introduced by the DATA state-
ment cards which have the following format:

PATA Iisf/d],dz,....,dn/, |isf/d],d2,k d3"""dm/""'

where
1. list contoins the names of the variables being defined,
2. d's are the values corresponding tc the variables in list,

and 3. k is an integer constant which indicates the number of times
the value is repeatea.

(Block data subroutines and DATA statements are a standard part of
FORTRAN 1V)

The required DATA statements foll into the following groups:

Material 1 data
Material 2 data

Material J data (J = 1 to 10)

Char deta

Gas data

Internal flow and diffusion constants
Miscellaneous data

Each group will be separately considered and described. A sign & is used to
mark the required data values.

Material J Data

AACTENV (1,J), 1=1, n n=1to 2 Activation temperature (OR)
A EFCOLV (I, D, 1
AREORDV (1,)), |

1, Collision frequency (1/sec)
]

1

, ~ Reaction order

The above reaction constants are for the pyrolysis reaction of the decompos-
able material. Up to 2 simultaneous reactions may be used to describe the pyro-
lysis reaction, in which case n = 2, see equation {24).

A HOFM () Heat of pyrolysis at 536.67 R (Btu/lb )
A COEFT (I,)), 1 = 1,4 Cubic coefficients for virgin specific heat equation
ACONST (1, J), 1 = 1,4 Cubic coefficients for virgin conductivity equation

. ' 21
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The conductivity and specific heat of the virgin material are inserted as a function
of temperature in the form of cubic equations. The equations are represented as

k~—-A+BT+CT2+DT3

cp=E+FT+GT2+HT

where
COEFT (1, J)
COEFT (2,))
COEFT (3,J)) = C
COEFT (4,)) = D

3

1]

A = Constant term (Bfu--in/F'rz-sec-oR)

B = Linear term

]

Square term

Cubic term

il

ond
CONST (1,J)) =E = Constant term (Btu/lb_ ~"R)
CONST (2,)) = F = Linear term
CONST (3,J) = G = Square term
CONST (4,J)) = H = Cubic term

A EMIS (J)  Virgin emissivity
A ABSORF (J) Virgin absorptivity
A RHOV () Virgin density (b, /i)

A SLOPE (J) Transpiration factor for ablation gases. This value is the -
value for laminar flow

Material data is listed for each separate material.

Char_Data
‘A ACTENC Activation temperature °R)
A EFCOLC Collision frequenc‘y (1/sec)
A REORDC Reaction order .
A HCOM Heat of combustion (Btu/lbm)
These reaction constants are for the surface combustion reaction
& ACTENS Activation temperature R ‘

& EFCOLS Collision frequency (1/sec)

22
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REORDS
HSUB

Reaction order

Heat of sublimation {Btu/lb)

These reaction cunstonts are for surface sublimation.

ccpCe (), 1=1,4
cKC (h, 1=1,4
EMISC
ABSC
RHOC

TRCHAR
CHARRO

Gus' Data
CCpG (), 1 =1,4

Cubic coefficients for char specific heat equation
Cubic coefficients for char conductivity equation
Char emissivity '

Char absorptivity

Char density ofter pyroiysis and before char deposition
or silica—carbon reaction (lb /Ff )

Transpiration factor for the chor combustion and char
sublimation gases

The carbon density in the char formed by pyrolysis
(Ib_/f) o

Cubic coefficients for gas heat capacity (Bfu/lbm-oR
for the constant term)

Heat of combustion for the gas phase at the surface

Theoretical maximum density of carbon (Ibm/ff3\

Theoretical moximum density of the char formed by
pyrolysis and before char deposition of silica-carbon

Theoretical. maximum density of silica (lb /ff)

Reference porosity for permeability colculahon -

Reference viscous permeaEilityfo% viscous permeability
colculation == equation (16 (ft .

Reference inertial permeability for. inertial permaabil ity
caleulation == equation (17) (Ft)

Reference viscosity in viscosity calculation -- equohon

HCOMG

(Bru/|bm§
Internal Flow and-Diffusion Constants
CARTS
RHOTS

reaction (Ib /ff3)
SILTS
PORT

equations (16)and (17)
PERT1
PERT2
VISCO

(12 (b /fl'-sec)
VISCON

ReFerence temperature for reference viscosity °R
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DCOCM
DCODP

DCOH
DCON
DCOO -
DCOPY
DCOSI
ANMW
AOMW
BMW
DMW
HMW
PMW

SMW

Carbon monoxide

Gases other hydrogen produced in
deposition reaction

Hydrogen
Nitrogen
Oxygen

wiethane

Silicon monoxide

Molecular

Molecular
Molecular
Molecular
Molecular
Aolecular

Mol ecular

Miscellaneous Constants

BSTAR
DIFC()), 1=1,4

Qsl
QDEP

QBRN
AF

BF
SILICA

REO

Blowing parameter

weight
weight
weight
weight
weight
weight
weight

These are the con=-
stants D . for the

_ ablating surface
diffusicn where

D = Dy H

nitrogen

oxygen

carbon monoxide
deposition gas
hydrogen
methane

silicon monoxide N

Cubic coefficients for diffusion reduction paramete:
calculation =~ equation (29

Heat of reaction for the silica=carbon reaction
(Bfu/lb of reactants)

Heat of reaction for the corbon deposition reaction .
(Btu/lb of carbon deposated) , f

(Not in use)

Collision frequency for silica-carbon reaction (1/sec) -

}
Achvahon temperature for silica-carbon reaction (°R) o g
i

Initial density of stlica before the silica-~carbon

reaction begins

Reaction order of the silica=carbon reaction |




i ACXD, 1=1,6 Values for the carbon deposition reaction (see
equation (25) on page 12 ), The relationship is
as follows:

CX(Ny = X

CX(2) = Yy )for PH < .02834 atm
2

CxX@Q3) = 7

CX(4) = xl

X = v, for PH2 > .02834 afmv

cx = z_J

Listing of Input

~ :The listing of data card input is included with each sample case. The block
dota iuput used with these sample cases may be found as the first subroutine list-
ing in the Program Listing section of this feport. )

Output

The two sample cases may be referred to as examples ot output listing.

OPERATING INSTRUCTIONS . ..~

Dinc

Deck Setip

The deck setup for a run requires, Nin addition fo the usua! control cards and.
data cards, the inclusion of the block data subroutine. For the SRU 1108 com-
puter with the program-tape, the deck setup yvill ke as follows:

* [Initial Control Cards]
. ASG A = (Program Tape No.)
XQT CUWR -
TRW A - -
IN A
TRI A -

Rl St 1,“?‘:-‘ it ‘;'

vl

7.
<

[N
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IBlock Data Subroutinel
XQT MAIN
[Data Cards]

Run Time and Amount of Output

A typical run time for an Apollo heating rate input is six minutes on the
SRU 1108 computer. Two or three poges of output are printed for each time point
requested in the data input.

PROGRAMMING INFORMATION

Program Design :

The original CHARM program was completely rewritten to rake it a part of
the. CHAP program. This gave a combined program with both a cemplex ablation
progrom and a sophisticated convective heating routine. The CHAD computer pro-
gram described herein was developed from the ablation analysis part of CHAP by
deleting the convective heating routines and adding input and output routines, ~
two more internal reaction calculations, an internal pressure determmohon, and
the calculations of gos concentrations by the dif’ .ion equation.

Noding. - The materials are divided into major nodes which are numbered
consecutively from 1 to n, n being the total number of major nodes. At the abla-
tion surface ard in the regnon where the virgin decomposmon reaction is occurring,

" a higher number of nodes ic needed than elsewhere. The maior nodes are sub-

divided in these regions into more nodes which are called minor nodes. The
subdivided regions are called zones - the front zone and the reaction zone. The
ratio of minor nodes to major nodes is called the "nodoal density". g o

Temperafures are estimated and calculated at nodal interfaces. When one
node is of one material type and the next node is of another material type, the
temperature at the nodel interface in-between is applied only to the adjacent half-
nodes for reaction calculations and decompausable density calculations.

Movable node.- Only the front major node is a movable nade. It is dwuded
into equal-size minor nodes. As the ablation surface recedes, these mincr nodes

- decrease equally in size. Corrections for this nodal shift are made for values

invol ved
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subscripting and storage. - The major nodes are stored according to their
nodal numbers. The minor nodes are stored starting at 119 in the storage array
for zone 1 and at 187 for zone 2. The decomposable densities for the upper half-
nodes which are next to major nodal interfaces are the only ones necessary to cal~
culate or-store. They are stored starting at 205 in the storage arrays for densities.

Grouping. - Yhe procedure of calculation has been set up on the basis of
groups of nodes. The nodes are diviaed by the calculation contrei section into
groups of nodes which satisfy the following:

1. All the nodes of a group are either in no zone or the same zore.

2. All the nodes of a grdub are either non-moving nodes or moving nodes.
3. No more than 40 minor or r?\c;ior nodes are allowed in a group.
Problem types. - The original setup of CHAP provided for three problem types:
1) nodes changing at the surfaces but not in'the center, 2} nodes changing only
dt the ablation surface, and 3) all nodes changing. The present CHAD program is
fixed. at problem type 3. , ' '
Temperature calculation, - Temperatures are calcolated by reducing the miatrix
eélements of nodal groups from the back surface to the ablation surface. The front
group temperatures are then found. If they deviate by more than set limits from

predicted temperatures, the front group temperatures are agair predicted and cal -

culated. All temperatures of other groups are calculated. ¥ any calculated

‘temperature deviates by more than the set limits from predicted temperatures, all

temperatures are again predicted, and temperatures of all groups are again calcu-
lated. If the third iteration has not resuited in calculated and predicted tempera-
tures that are within the limits, the size of the time step is reduced. By this
procedure, problem stability is obtained while the time step is kept as large as
possible. IR . -

Node shifting and comrbining.~ The front major node is movahie; that is, it
changes in size. If the major m;d‘e;nex% to it is of the same material fype, the
two are combined whenever the front major node reaches one~-half the size of the
originai node that was added to the fiont node. If the two front nodes are of
different materials, the front node is allowed to decrsase in size to zero. The
time step is controlled so that the front node goes to zero just at th end of the
time step. ' : .

o RS SRR st St 3577 =




Main Routine and Subroutine Descriptiorn.

Purpose of each subroutin:. - MAIN:is the main rotine. It is a short routine
which handles the input of the initial required data and the output of this initial
data, the control of the calculotion time step, the control of the output of cal-
culated information, and the control of the ending time for the problem calcul~*ion.
Other thar system or utility routines thare are oniy thiee subroutines which are

called from MAIN: WRITE and CHARM.

WRITE is the output outine for calculated data.

CHARM does the calculation of the cblction analysis with the help of a
lerge number of subroutines that it calls upon.

: All subroutines are now listed in alphabetical order They are classified as
o CHARM, CHARM-Nome, WRIT or Utility subroutines. Subroutines cailed from

; CHARM are classified -as CHARM, subroufines reached from a subroutine called
from CHARM are classified as CHARM-Name, and subrouhnes used by a- number

of subroutines are classnfaed as Uhh'fy ; o . e
Subroutine - Clossn.ncahon - Function . - , E f —B\} -
BLKD/DZ < Utility ) Provides input data to the progrom; it :
C ! .is o Block Data subroutine
BLOCK - - CHARM 4 Calculates the blocking function
- CHARM/S4 | ~ Caleulates ob!utic;n analysis with help
. of many-subroutines
~ L . oL . i - B .- . CL .
3 COMBIN . CHARM-FRONT  Combines 2 front mojor nodes into 1 Lo
’ : o * major noue. - v o
"COMDF <_ - . CHARM ‘ ) Cuicﬁlutes thermal conducﬁviiy « b
- ; . CPBA - CHARM . - Cuk:uictes internal gus spec-ﬁc heat
o : A : L5
DEPO - CHARM o Cnlculotes th; rcte of curbon de'xa;mon CLo
B " and the change in’ solid carbon dens'ty T S
DIFUS -~ CHARM u: Colculates the ~oncentrations of the - & :

gaseous compamnts S L




Subroutine

FLOWS

FONEY

GPCOM

GRIN

ITER8

I'WR

Lo

MOLWT

PCAPF

PORO

Classification

CHARM

Utility

CHARM-RECEED

CHARM

CHARM

Utility

CHARM-RECEED

CHARM

Utility

CHARM

CHARM

CHARM=FLOWS

Function

Calculates the internal pressures, internal
gas velocities and the diffusion coeffi-
cients for hydrogen and other gases

Linearly interpolates the value of f(x)
from a table given the independent
variable x

Calculates a simple arithmetic function

for RECEEC

Determines whether to drop the fror.
major node, to combine it with the
one next to it, or to divide the major
node next to the front

Calculates the heat to the ablating sur~
face from exterior gas phase combustion

Provides the subscripting from arrays
reeded for calculation

Finds a solution for x in the equation
x = f(x)

Calculates enthalpy given the fempera-
ture and the compressibility factor

Determines the major node number
given a minor node number

Calcuiates the molecular weight of the
internal gas from the gas compcnent con-
centrations

Calculates the thermal copacity of a
node (or half-node)

Calculates the porosites and permeabili-

ties of the solid and the viscosities of
the internal gos

29
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Subroutine Classification Function

RECEED CHARM Defermines the material lost by carbon
combustion and carbon sublimation

RHOSB CHARM Determines the rate of virgin decomposi~
tion and required accessory values

SHIFTI CHARM Shifts storage of mincr nodes and adde
CHARM=-FRONT values to zone storage when a mujor
node is subdivided

SHIFT 2 CHARM Shifts location of minor nodes in zone
storage
SIiC CHARM Calculates the rate of the silica=carbon

reaction and the changes in silico and
carbon densities

SUBZ CHARM Calculates the compressibility factor
given the temperature and pressure

TBSTEP Utility Finds the value of the step function
f(x) given the independent variable x

WRITE Outputs all desired calculated informa=
tion

Flow charts. - Most of the subroutines ore relatively simple and have been
described in the previous section. A few subroutines are of sufficient complexity
to warrant flow charts for the program user. They are CHARM, COMBIN,
DIFUS, FRONT, ond SHIFTT and are presented here in that order.
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@ time througn?

Initialization of values and

set up of front zone (surdivision)

of the front node into 4 minor nodes l

Celculation contrel section:
calculation groups

set up of rubsceript limits fnr

|Calculation of nodsl widths for minor nodes at fron* |

Will
the falchatior.
No time/step resuld L’n time Yes
il (J+1) _exceeding thd tIme Tor
return to the main
program?
o
Calculatior of porosities, permesbilities, S v'FLGdS . Reset of the calculation
viscosities, gas velocities, internal gas : time step and the pre-
pressures, and diffusivities PORO dicted temperatures and
densities
y

Celeulation of the concentrations (densities) of the

components of the internal gas

Calculation of the tctal gas density and of the average | -
molecular veight for each node u m
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CHARM {fNontinued)

Calculation of mass recession by surface comiustion and

-+ CF
sublimation. shear recassion erosion rate, bleeking factor. RECEED
and new surface distance of ablation surface et

L4
’,will
~_the front node

NJdisappear bV
time (J+1)?
N

No

Yes

Reset of the calculation time step and
the predicted temperature and densities

).

Determination of nodal width for movable nodes at time (J + 5)

|Calculation of the shift factor for the movable nodes |

LCalculation of density of decomposeble materialJ

L

{Ealculhtion of gas mass flux and reactlion heat from virgin decompr)sitir»n]

Calculation cof carhon deposition snd silica-carbon reaction. Correction
of gas mess flux becausz of thage reactions

Calculation of i hermal capacity, thermal conductivity and hesting of
Tlowing gas

Calculation of elements of coefficient metrix in temperature calculnt.mxﬂ

[1f a flux drive, calculation of the ablation surface heat fiux |

[Determination of temperatures by Gausa elimination |




THARM  (Nonctuded)

Was“the
ma‘xlmﬁn 4) hhnhle
No deviation tetween cajculuated Yes
and preQ&cted Esmperatures
exceeged.

und reset predicied tempern-

|Determinations for new time step |
L
Prediction of temperatures and denaities for tures and depnsities

‘o

Reduction in size of time st:

next time step

Go
| Placement of varicus values into basic nodal storage positions) to

‘ c

[ Nevw prediction of front surface temperatur via & "damper" procedure |

Pragh LY
No Y ectime for returng
N0 tne MAIN T
routine?
~

<Return to MAIN
Check front node and

1) combine it vith second node if it is % original value and of same
materie) as second node, or
2) delete it when its size reaches extinction and it {s nf different

material than second node

{Check decomposition reaction zone and shift its location whenever it ia indicated |

Have any
NQ\L _:h(nges in zones Qr »
thq~rront node
' occuz:sd?’
Go to Go Lo
B A
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Iinttiu‘xlz'- I

Place values of temperatures, densittes, distances, et~.,
ol into storage arrays for use in interpolation. On the ist
pass, store the major node next Lo the front, and on the

u:"\d pass, store the front mujnr node.

b.«_______

18t or 2nd

pTV &

S8et the index J = xsﬂ#

Different «a-

‘,;Are the i
nodes the gsame oOr 41ff ee——cecn —ge
Serept material?

N

of the zone storsage.

82t the K3T index to tne start

to "nodal denaity"” of zone

Set KHDN - -

1

rflnce the proper valuea of temperatures, densities,
| etc., in the zone start location

3

[petermine certain preliminary vnlue;1

Pleze remeining values of temperatures, densitles,
etn., into zone location for the combined node

'

Change the density for upper-half node at the
front node location -

==

In tha case of different materials fcr the two front nodes, the front

node is dropped because it is at extinction and the sesond node ia
placed in the zone Btorage position.
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DiFUS

Initiall-

[gglculate diffusion drive factor > surfun, ° mnj

- —

Repeat until ali rocal interia~
points are completed

P v — — o~ — o - Gt W ame e O S e -

Store diffusion coefficlent |

[betermine source (or sink)terwt]

Set up coefficlents of concentration
(matrix elements)

[heduce matrix elements by Gauss elimination'

. MDD TR CEn - D G GR GD Wy TR . — - Y — - - -

[§alculate front concentration of the gas component ]

S

Calculate gas component concentrations at other
nodal interfaces

o

Set all gas component concentrations behind de-
composition reaction zone to gas component con-
centrevion at the start of decompoaition reac-
tion zuna
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PRVAESH

Are the

N two tront major Yo
¢ nqSes e s?gs/"*’ y
material
~
Set NCUT indicator o ‘
(NCUT = NCUT + 2)
1s th
o ~_Jast zone only ope s

J aajor zory
wide?

@]

K Is %he stert

No f the 1ast zoneﬁt the
“end of the previnus

I

—o{Set ICOM indicator je— !

i
T

é‘&i.,f}'&?‘— f a’

Ltk
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FRONT  (Cone~luded)

D \ )
@_. < weur 1 h

¥ront rnodes are ot
same material

Front nones are of
{f'ferent materiai;: front
node has reached extinetion

Like U except front node
has not reached extinntion

NCUT =

1

Combine the two

front major nodes fee- COMBIN

into one

‘Ad a8 second node
SKIFTl into front zone

RETURN y» -—J’

N
Switch
;//écording to
oM o

indicator

2one start and ends, number of groups, last grc.p start

and ends are reset here according to path from ICOM
switch

Make the other necessary changes requirsd by the com-
bining or dropping of the front node

( renme ) ’
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SHIFTL

Is the zone to
Lett be altered on the left _151ght

or lue vight?

Store the shift value {(number of major Store the shift value (number of major

nodes to be added or deleted from the nodes to te added or deleted from the

zone) for SHIFTZ zone) for SHIFTR

Store the gronp number of the group | Store the group number of the group )
to the left of the zone to the right of the zone

Change the signl of the shift value o1

S

hre nodes bveing 25 \ ‘
- gdded or delifed from .
zonet ,/” !

—
Find the "nodal density" of adjucen® group~, ]
Jf 1t 18 in a zone

—

| Set the number of minor nodes to be added |

50

Zone altered

Left \W‘ ﬁn}.tv

|Set necessary subsoripts | [Set necessary subacripts )

Insert the right end values
for extended zonc




P

e b

‘ SHIFTT (Conaluded) ) .

TN

A

1s "nodsl density” of
the zone higher or lgwer Higher
than adés:izg group-?

Lower jup——

Add values to the zone by
picking them from the adlacent

roup -
- )

RETURX

Interpolate values from ad jJacent group
and add to the zone, pro.ceding from

right to left (high node number to low
node “EEE?*)

byt

a——TO U . " &

1 The aign of the shift value 1s minus for zone boundsry
movement to the left and positive for zone boundary
movement to the right.. o ) H

hV]

The sign of the shift value at this point indicaies,
vhether nodes are being added (+) or deleted (-).

3 The adjacent grev; is the group next to the zone slde
vhich is belng acded to. . 3 )

v




Program nomenclature. - The nomenclature of all CHAD routines is included
in tne following section. The listing indicates o subroutine only when the quan-
tity is specific fo that subroutine,
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Program

Symbol
A

ABVAL

ABVALM

ABVALS

8CTENC

ACTENS

ACTENY

AERN

AERO

Math,
Symbol

Ss, max

max

N

(OGN
2.

Dim,
Units

BTU, sex~R

None

ft/sec.

None
None

Ncne

None

None

R

lbm - vord

lbm/f*3 void

Subroutine

CHARM

BLOCK

DIFUS

iTERS

ReCEED

RCCEED

RHOSE

Description

Coefficient of temperature

+ 1
(Til-l)

Term in equation for biock-

ing function.

Coefficient of gas compon-

ent coieanfration

|
“ri oy

Temporary value calculated
in this subroutine

Char absorptivity for ther-
mal radiation

Virgin absorptivity for ther-
ma! radiation

nelative absolute error of
calculated temperature:

ecolc - TCG'C - Tpred

T

pred
Maximum relative absolute
ervor for front group

Maximum relative absolute
error for all groups except
the front group

Activation temperature for
char combustion

Activation temperature for
char sublimation

Activation temperature for
virgin decomposition

Conce ‘ration of nitrogen
in gas phase

Concentration cf oxygen
in gas phase

4



Program
5ymbol
AF
AIRM
ALLGAS
ALP
ALPH
AiLPHA
ALPHA
ANMW
AOMW
AREA

AREAC

AREAV

AR A

AST
ASTCRE

42

Math.
Syrbol

B

si

M

air

dep

Dim.
Units

1/sec

b /mole
m

2
b /ft’void
m

ft/sec
ft/sec
ft/sec
ft/sec
ibm/ mole

ik /mole
m
I‘.z

ft

meterz/ gm

2
Ibf,/ in

Subroutine

SIC

DIFUS

DIFUS

DIFUS

FLOWS

DEPO

COMBIN

Description

Collision frequency for
silica=carbon reaction

Mol ecular weight of air
(28.96)

Concentration of total gos
in the gas phase

Gas velocity of node i
at time |

Gas velocity of node
i-1 at time |

Gas velocity of node
i+l at time |

Temporary storage for gos
velocity

Molecular weight of
ritrogen

Molecular weight of oxygen

Area for thermal conduction
(It is set equal to 1 for
this program}

Value calculated in the
determination of decompos-
able density

Areo for heat capacity.
(This area multiplied by
nodal thickress gives a
volume, 1t is set equal
tao 1, for this program)

Effective surface area for
the carben deposition
reaction

Aerodynamic shear force

Storage array tor TEMPAY
values needed for infer=-
polatian later in the routine



-

Program Math, Dim,

Symbol Symbol Units Subroutine Description
B B, BTU/sec - R CHARM Coefficient of temperature
@it
!
B A None BLOCK The power A in the block-
ing function ‘sz e”
B B, ft/sec DIFUS Coeffizient of gas com-
' Puﬁﬁn: ctam.emrahm
(CI
B IWR Temporary value calculated
in this subroutine
BDUM RETZEED Temporary value calculated
in this subroutine
BF A, ° SIC Activation Temperature for
st silica~carbon reaction
BLDEN P . Il:>m/l7t3 : Local density at surface
14
BLPRES P lbf/ﬁ2 Lecal pressure ot surface
BMW M, Ih /mole ' Molecular weight of carbon
urn m .
monoxide gas
BSTAR Blowing parameter associated
with the diffusion of the abla~
tion gases into the bourdsr,
layer
BSTORE COMBIN Storage array for TEMPA2
values for interpolation
later in the routine
BURN C Ib /ff3void Concentration of carbon
burn m .
monoxide gas phase
C <, BTU/sec~"R CHARM Coeffzcu}ent of temperature
@il
C c, ' CHARM Coefficienf of dem!r s
(] Ly and gl i
denslty eauations where nodes
are "movable"”.
C <, ft/sec DIFUS Cosfficient of gas component
cencentration (C AR

H+l
43




Program
Symbol

CAJA

AR

CARBNI1
CARBNS
CARTS

CcC

cC

CCPC

CCFG

CFIX
CFXCM

CFXDP

CFXH

CFXN

44

Math, Dim.
Symbol Units Subroutine
SHIFT!
¥ /ft DEPO
ib
m
Ib ,/ft3
m
Ib /,‘t3
m
CHARM
DIFUS
BTU/Ib °R
(fo. Firh term)
BTU/Ib °R
(for firsh term)
C.. Ib /¢ DIFUS
' m
: 3
CS,CO 'bm/”
wd
Cs,dep b, /F*
' 3
Cs,H lbm/f.

o3
C‘, N ‘bm/ff

Description

Rate of change of molecular
weight

Effective suface area per
unit volume for the silica-
ccrbon reaction

Density of carbon in the
char ot time |

Density of carban in the
char at time of | + 1

Theoretical moximum density
of carbon

The coefficii)nt of the tempera-

ture (T | after redyction
of tha original coefficients

The cosfficient of the gas
comp%r‘ent concentration
(C' ;+l) after reduction of
the' original coefficient
Cosffizients of the cubic
equation ysed to calculate
char specific heat

Coefficients of the cubic
equotion used io calculate

- gas specific heat

Surface concentration of gas
component i

Surface concentration of
carbon monox|da

Surface concantration of
"deposition gas" (gas other
than hydrogen formed In
carhon depoasition roaction)
[Not in use]

Surface concentration of
hydrogen

Suface concerirction of
nitrogen



e CHEAR T g

et

Progran
S ymbo!

CFXO
CFXPY
CEXSI
CHARRO
CIN:
CKC
COEFT

COMMAX

CONC
COND

CONDC

CONDF

CONDV
CONDX -

CONDXX
CONDO

CONST

Math,
Symbol

P,V
At

C
K

K

K

Dim,
Units Subroutine

b /ft3
m
b
m
3
Ibm/ft
3
lbm/ﬂ
SHIFTI
2 o
BTU-In/ft"sec R

(For first term)

BTU-In/Ft2sec °R
(For first term)

sec.

|b_n/ft3 void  DIFUS
20
BTU/ft"= R =sec

20
BTU/ft™ - R -sec CONDF

BTU/f2-"R ~sec CONDF

BTU/H2~°R ~$63

BT U/I‘-‘t:z -%R - sec
20
BTU/ft =R ~ sec

BTU-ln/ftz-oR - sec
(For first torm)

Description

Surface concentration of oxygen

Surfaca concentration of
pyrolysis gas

Surface concentration of
stlicon moanxide

Carbor: density in the char
formed 2y pyrolysis

Rate of change of graphite
(Not in use)

Cubic coefficients for char
conductivity equation

Cubic coefficients for virgin
specific heat equation

Maximum time step the
CHARM subroutine is allowed
to take

Concentration of gas com-
ponent i

Tharmal conductance through
o node :

Char thermal conductance

Function subrovtine which
calculates thermal
conductance

Virgin thermal conductance

Last thermal conductance deter-
mined In a group

Last thermal conductance deter~
mined In the groun prior to
group under caleulation

Theimal condugtance of node 0.-
This Is a dummy value for usa
in calculations for back boundary

Cubic coefficients for virgin
corductivity equation

ragemen
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Program

Symbol

COORD

CPBAR

CPC

CPV
CRUZ

CSTORE

DACT

oco

Math. Dim.
Symbol Uinits

cC . BTU/Mb -2
m

PR

g
(?C ) BTU/ft3 =R
p (o4

K]
ec) BTU/ft -°R
p v

D BTU/sec-"R

D, ft/sec

Subroutine

PCAPF

PCAPF
SHIFT1

COMBIN

DEPO
CHARM

CIFUS

-DIFUS

Description

Type of one-dimensional
coordinate system:

I = cartesian,

2 = wylindrical, 3 = spherical
(Not in use)

Specific heat of gas at
mode |

Thermal capacity of the char
Thermal capacity of the
virgin

Rate of change of carbon
monoxide souice

Storage arroy for [EMPAS
values for interpolation

- later in the routine

(See description in the block
data subroutine input in the
INPUT=-QUTPUT section of
this volume)

"The value D, in the

temperature 'equaticn:

i+ i) Pl
ATl + BT+ T = o
The valua D, s the gos
companent concewf{oﬂon equation:

s e

Aic!,l-l Blcl,! * C|,;+| "D;
The net amount of methane
remaining In the exiting gas

Tha diffusion parameter D for
the abloting surface for gas
component |



Program
Symbaol
DCOCM
DCODLP
DCOH
DCON
DCOO

DCOPY
DCOSI

bCU

DD

DD

DEL

DELA

DELTAX

DELTX
DELX

DEP

DEPX

- DEPXX

Math, Dim.

Symbol  Units Subrouting
DIFUS
CHARM
DIFUS .
In.
None }
&% In,

' 3
Cdap |bm/ft vold

Description

The diffusion parameter D for
the ablating surface for gas
components carbon monoxide,
“deposition gas" (not in use),
hydiogen, nitiogen, oxygen,
pyrolysis gas, and silicon mon-
oxide, espectively

The diffusion coefficient for the

ablating surface.

D, = DPH

The value D ufter reduction
(See the program symbol D
for subroutine CHARM)

The value D after reduction
(See the program symbol D
for subroutine DIFUS

The nodal vidth of pievious

" node used in calculation

of deposition and silica-carbon
raactions

Temporary storage of the nodal
width  used in calculation
of depasition and silica~carbon
reactions

The nodal width for all minor
nodes and non=subdivided
major nodes

The normalized nodal width
for the moving minor nodes

~ The nodal width-for all major
" nodes

Concentration of “depesition
gas In gos phase
(Not In use)

(Not in use)
(Not In use) -

47
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Progr am
Symbol

DGAS

DIFC

DIFCAL
DIFCH

DIFCO -

DIFCOS
DIFR
DIFREC

DiIS

DISTL
DMW
DPRINY
DQ

DR
DS
DSTEP

DSTORE

_ DTAU A
“DTAUC )

48

Math,
Symbol

Dim.
Units

In
lbm/mole

Sec

' 0
: BTU/!bm- R

Sec

Cac

Subroutine
KECEED

DIFUS

DIFUS

- DIFUS

RECEED

COMEIN

MAIN

RECEED
RECEED
“MAIN.

COMBIN

- CHARM

. CHARM

* Surface combustion rate

Maximum calculation tme step

Description
- 3
The time rate of change of i
the exiting gas mass/Flux

Cubic coefficients in the
equation for calculation of
the diffusion reduction
pnarameter

(Not in use)

Diffusion coefficients for
hydrogen

Storage locations in DIFUS
subroutine for diffusion
coefficient:

. Temporary storage of diffusion

cosfficient (i = 1)

Diffusion coefficients for gases
other than hydrogen '

Diffusion reduction parameter
see equation (30)

Distance value uted for intes=
polation in combining front °
nodes -

Normalized distances for
moving nodes ‘

Molecular weight of the
“deposition gas" (Not in use)

Print interval

Rate of change of net ablation-
surface heating with temperature -

Surch;e wbllmeﬂoh rate

Storage array of max. saley=
lation Interval (An input table)

Storage array tor distance
values for use In Interpolation

Calculation time step
C)

determined by CHARM -
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Program
Symbol

DT~US

DTAUX

DTEND

DTF
PTR

DWFDX

DWFDXX.

DX

]

EDFLUX

EDFX
EDFXX
EF

"~ EFCOLC

EFCOLS

‘s
v

EFCOLV.

EK. >

Math, Dim.

Symbol Units
Sec,
Sec,
Sez
None

A%

Bc | /sec

Bs  V/sec

Bv. N/sac

-

Subroutine

CHARM

CHARM

MAIN

CHARM

CHARM

COMBIN
FONEV
WRITE _

CHARM

Dascription

Calculation time step for
previous step

An average of the old and
new calculafion time steps

Time until the end-of -problem
time

Calculation time step facior
used in cases where cal-
culation time step is too !arge

An array of surface temperature
rate of change with time
used in "damper" procedure

Amount of methane formed
betwveen back surface and
end node of group being
calculated

DWFDX (see above) value at

previous group calculation

it is used separately in each

of the subroutines COMBIN,

FONEV, and WRITE for
(distance) 7

Heat source to node i
(No* in use)

(Net in use)

{Not in use)

The normalized distance at
time | multip'ied by 2

Colllslon frequency for the
surface” char comnbustion
reaction

Collision fraquency for the -
surface sarbon sublimarion
process : .

Collislon frequency for virgin
plastic decompesition reaction

Factor used In interpoiations cf

carbon and silica -densities to

a sount for meving nodal

Infeﬁqcos 40
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Program
Symbol

EMBM

EMI

EMIS
EMISC

EMWT

N\oth:.
Symbol-

Dim. )
Units Subroutine

None
None

me/ mole

| lbm/soc

N::i/in2 _

ITERS

SHIETI

~

Description

Value calculated for the
determination of decompos-
able density

Factor for shift correction -
of movahble nodes

Emissivity of virgin material
Emissivity of char
Average’ moiacular weight

of the total internal gas -

Zonstants in the surface
shear removal correlation

The mess eroded by aero-
dyramic shear removal

Fixed aerror criterion for

" calculated temperature

‘The mintmum of ETA (see

above) and 4 secund error -
criterion: 40/7

Aerodynamic- shear stress ot
the surface

-Argument of an external

functlon
Storage array for flow condie

~ tion Indication (iaminar or

turbulent) (an input table)

Nadal heat Tnput 1.am the
virgin decompesition reaction.

" The latt FHT (see above) -
-dchrminqd in a group

The last FHT (see 2 ttems aboy:

- determined In the group prior.
to group ﬂunrbr consideration

‘Volus used fqr‘ 'nterpalation

Turbulent or laminar ﬂov;
“Ingication (1 for lar ‘nar ond

¢ for turbulent)

Morgsn

C e .
R
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Program Math, Dim,

Symbol © Symbui  Units Subroutine
FMFP - DEPO
FNRDIY WRITE
FOMNEY
FOWR | SHIFT1
~GABY e SHIFT1
GAGC
GAS @

Q9,8
GAST fh

9 - .

GCON R Fr-lbe/ib male <R

3

GRAFT

GRAFS

Description

Factor used in determination
of partial pressures

"loating point equivaient
of NRDIV

Function subroutine which
performs o table lookup
vsing linear interpolation

Re*e of change of decomposable
density for time (j +1) with -
respact to distance .

Rate of change of pyrolysis.
gas source

Interim value fourd in the
caleulation of coeificiont -

matrix. elements for tempercture - 7

determinotion

The ablation gos mass flux at-
the- suface at time | +1/2

The ablation gas mass flux
at the surface at time | =1/2

Gas constont which equals
1545 for these dimensional
units

Interim velue dgtermine'd in
finding motrix elwment for
ablation surface node tempera-

“ture equation

-Graphite densnfy af time |
- (Not In usm -

U‘ophlh density at tlme ;+ 1

“(Not in Use) L

Interin value dgmmincd in
finding ablation surface
temperature

lniatim vuive ‘determined h'\

_findlug the abla¥ie. sutfncc
“temperature

Py

. J - 5“3

PP
4
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Progrom
Syinbol

GZ

HCOM
HCOMG
HCUINV

HDA

| MECT
HERE
HMW
HOFM

. HOLD
HOW

N m l@ o

HYD

HYDC

e

s

18PN

(85PN

Math.
Symbol

H
c,c

H

g,c.

H

Dim,
Units

k BTU/’lbm

BTU/Ibr

2
',bm/ﬁ ~ec

(8]

: BTUA_bm

RTUf'lb“;
lbm,{fta void

" otm -

“

Subroutine

SHIFTT |

DERD

DEPC

Description

One-hclf the ruie of change
of the ablation surface heal
flux witn temperature

Heat of combustion of the
ablaticn surfuce

Heat of combustion of the
gas phase at surface

Heat transfer par~meter at
the surface

Coefficients of the quartic
equation for deter.nining the
heat of reaction for the
decomposition recction .

Rate of change of carbon -
depositio ‘t source

interin;, value in -detew: tnation

“of carbon deposition rainy

Molecular weight z,f hvdroaen

Heat of virgin decosx.po.qhun
reaction at 536,67 "R, (25 %)

Temporary ~terage loration
TéMPorory storage location

v H»aat of carbon sublimasion

<

~ Cone,snirotion of hydrogen in

the gos chase
Partial pressure of hydrogen

- Subscript for genwr 1l use, but

particular:y for mq?enuf type -

-Array o the endmg mtufqras

of the groups

of the groups

[Starting location in decompos~

~ble deisity storage artays for.

upper hc'fmdu vouesy - |

- {BSPM - 1

-

~ Array of the starting m'erches B

Houte gn ewesdn e ool

et it
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Progrom
Symbol Subroutine

ICOM FRONT

IERR

- en an, e,

IGC
IGL
IGLD CHARM

IGR
IGRL

IGT
IGTYP

IGX
iG2

IHDN

IHYS
INCOM SHIFT1
INEG
INFRST MAIN

INI

IN2

Description

An indicater which determines
the directicn through the
latter part of the subroutine

Error indicator in comparison
of predicted and calculated
temperatures.

{1 = no error, 2 = error)

Ciror Indicator for mojor pro-
gram errors resuliing in problem
being ended

Group number
Used for certain group numbers
IG ~1

Group indicator used in calcy~-
lation control section

First reaction group number

Last reaction group number,
(Used otherwise olso)

Used for certnin group numbers

The group type (0 for no zone,
1 for zone 1, 2 for zone 2)

Used fur certain group numbars

Lowast group number of

problem type 2

An array of the numbers of
minor nodes per major node for
each group type

(Not in use)
Shift value
IX -1

indicaicr of the table point
number (1 = first, 2 - other
than first)

Majcr nodal interface number for
decomposition reaction zone stort

Major nodal interface number for
decomposition reaction zone end




Program
Symbol Subioutine

tP
IPLUS

ISAVE]
ISAVE2
1SAVES
iSAVE4 (
ISAVES
ISAVES |

1SPY WRITE

Y] SHIFTY,
‘ SHIFT2,

1Z8
12G
IZGT

JBE
JBEM
JBNDI
JBND2
JBS
JBSM
JBSPM
JBSPN
JBX

Description

Problem number
IX +1

Table eniry positions
saved after table lookup
by FONEV subroutine

indicator of direction through
routine (1 ~ first pass,
2 ~ sacond pass)

Number -of iterations for
the time step

Total number of iterations

Number of groups in the
zone

Major nudal interface at
start of moving nodes

Array of stariing storage loca~
tions for the zones

Array of group numbers for
each zone

Total number of groups in
a zone

Ending interface for a group
JBE -1

Starting boundary type
Ending boundary type
Starting interface for a group
JBS -1

IBSPN + JCSN

JBSPM =1

Last minor node number for
the group

A3 G WS € Ued o e wnd BT
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Progrem
Symbol Subroutine

JBXX
JCEN

JCENM
JCSN

JCSNM
JE
JE1

JE2
JHDN

JHDN COMBIN
JHON SHIFT]

JLSW

JRSW

JSLAB

JsuB WRITE
KHON COMBIN

KHDN SHIFT1

KK

Description

Last minor node number for
the previous group

The major nodal interface
for the end of a group

JCEN -1

The major nodal interface
for the start of o group

JCSN -1

JE1 + 1

The number of minor nodes
in a group

JE1 -1

The number of minor nodes
per major node for the group

The number of minor nodes per
major node for the front group

The number of minor nodes per
mojor node for the zone

Indicator for whether group
has moving nodes or not
(1 - not moving, 2 - moving)

Indicator for whether group is
in decomposition reaction zone
or not (1 - before zone,

2 - ofter zone, 3 - in zone)

‘Number of major nodes in a

group

Storage location of decomposable
density for upper half node at
ablation surface

The number of minor nodes per
major node for the new combined
node

The number of minor nodes
per major nude

Commonly used for the storage
location of the decomporable
density for the upper .if node

. R



Program Dim,

Symbol Units Subroutine Description P
KK DIFUS Major node number below :
, major node KL i
KL Commonly used for relative ’:
storage location of the H
minor nodes 3
KL DIFUS Major node number 3
K SUBI FONEV One of the table points for
use in the linear interpolation ‘
KSUBJ FONEV she other table point for use ;
in the linear interpolation §
K1 K+1
L ‘ Always equal to 1 in CHAD i
LANDID An indicator in the Calculation H
Control section of CHARM i
LFT Left (toward back) indicator N f
for side of zone to be added )

to or subtracted from

LLD Function subroutine which
determines mujor node corres=~
ponding to u minor node

LRT Right {toward ablation surface)
indicator for the side of zone to
be added to or subtracted from

MARK ' Indicator of whether or not to

enter calculation control
(1 =No, 2 = Yes)

MARY SHIFT1 Rate of charge of silicon
monoxide source with respect
to distance

MAT An array of material numbers
which indicate material type for
eoch major node

MCXT ‘ DEPO Rate factor for the carbon ’

deposition reaction
METC atm DEPO Partial pressure of mathane

i
| lunh



Symbol Subroutine

ITERS
NADD

NASW
NBNDST
NBND1
NBND2
N35W
NCEN
NCSN

NCVT

ND

NDOTS
NDOTSX MAIN

NHDN

NLR SHIFTI

Description

The total number of groups

The front major nodal
interface number

Always equal to | in CHAD

An array for o group of the
number of major nodes of
the same material and width
in the group

The type of boundary at the
ablation surface

Used in calculation control
section of CHARM

An array of starting boundary
types for the groups

An array of the ending boundary
types for the groups

The type of boundary at the
back surface

An array of the ending major
interface numbers for the groups

An array of the starting major
interface numbers for the groups

An indicator used by FRONT
subroutine (See FRONT flow
sheet)

Node divider array, N.D(I) is
used to irlicate position between i
moving and non-moving nodes

An array of the number of
pcints in the input tables

A subscript limit used in table

output section

An array of the number of minor !
nodes per major node for each

zone

Left-right switch, (See LFT and

LRT)

57 :
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Program
Symbol Subroutine

NLSW

NLZON
NN
NNP

NOF

NONE SHIFTI
NOTIME

NPBSW

NPEIN

NPS2N

NPTSW

NRDIV
NREND

NRGO

NRID

NRSW v

NRZON

NSHL

1 - MM

Description

An array of the indicators for
each group of whether the
nodes are moving or nci-moving

The largest zone numbe:
The maximum major hode number

The maximum major nodal inter-
face number. Equals NN + 1

The ablation surface interface
number (minor node basis)

The shift value
Total number of time steps

Switch bused on probiem type
and is used in the calculation
control section of CHARM

Major nodal interface for the
ending of problem 1

Major nodal interface for the
start of problem 2

Switch for returning from
CHARM back to MAIN
(1 - Stay, 2 - Return)

The number of minor nodes per
major node

The ending major interface of
the zone

The starting major interface
of the zone

indicavor used in calculation
control section in CHARM

An array of the indicators for
each group of where or not the
group is in the decomposition
reaction zone

The zone number for the reac-
tion zone

An array of the skift values to
the left for each zone

e
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Program Dim.

Symbol Units Subroutine

NZSN
OMG RECEED

ONE

p SUBZ
PARTIN

PC BTU/sec

PCAPF  BTU/sec

PCX
PCXX

PERMI b £t /Ib, sec?
m f

2 2
PERM2 Ibmft /Ibf sec

PERTT 2
PERT2  ft
PH| None

PMW Ibm/lb mole

POR None
PORY

PP

PRFRINT
PRG
PSi

FLOWS

Description

An array used for the major
nodal interfaces of the start
of zones

Interim value used in calcu~
lating diffusion reduction
parameter

Temporary storage location
Local pressure at tha surface

Sume as DELTA X

Thermal capacity divided
by time step

Function subroutine which
calculates thermal cepacity

Last PC calculated in a group

Last PC determined in just prior
group

Viscous permeability multiplied
by gc
Ineriial permeability multiplied
by gc

Reference viscous permeability
for viscous permeabiliry
calculation

Reference inertial permeability
for inertial permeability
caiculation

Blocking parameter

Molecular weight of pyrolysis
gas

Poresity

Reference porosity for porosity
calculation

Storage array for local surface
pressure (An input table)

Local surface pressure

Internal gas pressure

Parometer calculated for use in
aerodynamic shear erosion
determination
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Program

Symbol Subroutine
NSHR

NSLAB

NSLABH

NSOUR DIFUS
NST CHARM
NSTILL CHARM
NSW CHARM
NTAB MAIN
NTABT MAIN
NTYP MAIN
NXSW CHARM
NZEN

NZON

NZONC

NZONX SHIFT1

Description

An array of the shift volues
to the right for each zone

An array of the number of
major nodes in each group

An array of the number of
minor nodes in each group

Switch in DIFUS set in CHARM
according to the gas component
being determined

Switch used in CHARM which
is set to 1 for first pass into
“HARM and to 2 thereaofter

“-bwhich is set to 1 for
“--omposifion reaction and
. .or decomposition reaction
... within the group

Switch in calculation control
section of CHARM

Taot!e¢ number

The total of tables what have
been input

The type of table 3
temperature or heat flux

Switch in iteration control
section which allows recalcula-
tion of front group of error
found there on first iteration

An array of the ending major
nodal interfaces for the zones

Subscript used for zone numbers

Initializing value for calculation
control section. It equals 1
rormally and 2 when there is no
decomposition reaction zone

Zone type for group adjacent to
zone being changed

R e A




Program
Symbol

FSQ

PSTORE

PSTEP
PYRO
GBACK
QBRN
QBYRAD

QCOMB
(‘ QCOND
QCONV

QDEP
QGAS
QGPCOM

) QMISC
QMU
QSAVE
Qsl

QSTORE

QSuBL

Dim.
Units

ibm/f 1’3 void
2
BTU/ft™ ~sec
RTU/Ib_
2
BTU/ft ~sec

BTU/ Sbm
BTU,/f12-sec

BTU/b
2
BTU/ft" -sec
2
BTU/t -sec
2
BTU/ft™ ~sec
BTU/f*z-sec
2
BTU/ft" -sec

BTUA bm

BTU/b

Subroutine

FL.LOWS

COMBIN

COMBIN

Description

The square of the internal
gas pressure

Storage array for SILCAI
values needed for interpolation
later in the routine

Storage array for print inter-
vals (An input table

Concentration of methane i
the gas phase '

Heat flux to the back surface
{Not in use)

Heat of reaction for internal
combustion {Not in use)

Heat radiated from the abla-
tion surface

Heat of surface combustion
Conducted heat Tiux

Unblocked convective heat
flux to the ablation surface

Heat of reaction for carbon
deposition

Heat radiated by hot gas
toward ablation surface

Heat flux of gos phase combus-
tion to ablation surface

Heat to ablation surface that
is not blocked

Storage array for unblocked
heat flux (An input table)

Total heat flux to ablation
surface v

Heat of reactior for silica-
carbon reaction

Storege array for CARBNT volues
needed for interpolation later
in the routine

Heat ~f sublimation
61
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Program
Symbol

QTOT

QTOTAL
RATE
REO
REORDC
REORDS
REORDV

REQ
RH

RHO

RHOC

RHODE

RHOTS

RHOV
RHO1

RHO2
RHO3

RHO4
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Math,
Syrmbol

Ay
(A);

GALMLO
() Ve

PN

Dim,
Units Subroutine

BTU/ffz— sec

2
BTU/ft ~sec

None
None
None
None

Nene

b /it WRITE
m

3
Ibm/h

b AP WRITE
m

3
Ibm/ff

3
lbm/Ft

3
lbm/ft

.3
lbm/n

b "/ffs

Description

Pariial total of heat
fluxes to the ablafion
surfoce

Total heat flux to the
ablation surface

Virgi;, muterial decomposition
rate

Reaction order of the silica-
carbon reaction

Reaction order of the surface
combusion reaction

Reoction order of the surface
sublimation

Reaction order of t‘h‘e virgin
decomposition reaction

Same as REO

Storage array for heat trars-
fer parameters (An input table)

Density value for print-ouf
Char density ofter pyrolysis and

before char deposition or silico-
carbon recction '

Density of decomposable matarial
Theoretical moximum density of
virgin material

Density of the virgin material
Density of decomposable material

at firre |

Estimated density of decomposable
material ot time |+ 1

Estimated density of decomposable’
material ot time of |+ 1/2

Average of RHO3 for two
adjacent half -nodes

v e g apere
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Program Math.
;- . Symbol Symbol

RHOS (Pc)g * 1 al)

RSTORE

SAVE
SCHECK

SDN
SDOTN

SET
SILICAI

e Qs

SILICAS (PSiOZ)
SILICA

SILTS

SLOPE

SMW MSiO
SN

SNI

SOURCE

SOX

(:} SPEED

it

Dim,
Units

b /‘r't3
m

In

In

in/sec

3
lbm/ff

3
lbm/Ff

3
lbm/ft

3
Ibm/Ff

|bm/ib mole
In

In

|bm/sec

Ibm/i"t3 void

ft/sec

Subroutine

COMBIN

MAIN

DIFUS

Description

Calculated density of
decomposable material at
time j+1

Storage array for RHOI
values needed for interpolc~
tion later in the routine

Temporary storage

Front nodal thickness at
which the front node is com-
bined with the next one if
materials are the same

Amount of surface recession
for half a time stcp

Surface recession rate at
time |+ 1/2

Minimum COMMAX allowed

Density of silica in the char
at time j

Density of silica in the char
at time |+ 1

Initial density of silica before
the silica~carbon reaction begins

Theoretical maximum density
of silica :
Transpiration factor for blation

gases

Molecular weight of silicon i
monoxide 3

Thickness of movable nodes
at time |+ 1/2

Thickness of movable nodes
at time |

Source of gas component i
Concentration of oxygen in
the gas phase '

Velocity of the gas internally




Program Math, Dim.
Symbol Symbol Units

TAR
TALOUT
TAUST
TAUI
TAU2
TAU2S

TBSTEP

TEMPA

TEMPAL T! R

i
Ti+]) o
i est

(TE + 1/2) or
i

est

TEMPA?2 (

TEMPA3

N 1
gty o

TEMPA4 i+ 1/2est

Cr
! ) °

TEMPAS (T.
i calc.

TEMPST
TEND
TEST
TIENDA

TIME Sec

64

Subroutine

MAIN
DEPO

SHIFTI

MAIN

Description

Area of back surface
(Not in usej

Time for return from CHARM
to the MAIN routine

An array of times correspondinrg
to TEMPST and DTR for use in

"damper" procedure
Time | start of the time step

Time j+1 the end .t the

time step

Time |+ 1 for the previous
iteration

Function subroutine which does
a toble lookup on a step
function

Temperature for use in an im-
pending calculation

Temperature at a nodal inter=
face at time |

Estimated temperature at a
noda!l interface at time |+ 1

Estimated temperature at a
nodal interface at time |+ 1/2

Average of TEMPA3 for two
adjacent nodal interfaces

Calculated temperature at a
nodal interface at time {+ 1

An array of temperatures corres=-
ponding to TAUST for use in
"damper" procedure

End compute time

A limit imposed on carbon
deposition based on amount of
methane produced

Rate of charige of internal gas
mass flux

Same as TAUI
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~ Symbol

Math,
Symbol

Program

TIMET
TIME2
TIME3
TIME4
TPRINT T

TRCHAR Q

TS T!

TT

TWALL
UHOLD

USTORE

VHCLD

VISC M

VISCO g
VISCON T

VSTORE

WBRN

WBRNX

WBRNXX

Dim.

Units Subroutine
Sec.
Sec
None
°R
COMBIN
COMBIN
COMBIN
|bm/F%-sec
Ibm/ﬁ-sec
°R
COMBIN
lbm/sec
lb_/sec
Ibm/sec

Description

Time arrays for the
input tables

Time for output of calculated
data

Transpiration foctor for gases
resulting from surface combus-
tion and surface sublimation

Same as TEMPA]

Storage array for ablation
surface temperature (An input

table)
Ablatior. surface temperature

Storage array for WFD values
needed for interpolation iater
in the routine

Storage array for EMWT values
needed for interpolation later
in the routine

Storage array for carbon deposi-
tion sources needed for inter-
polation later in the routine

Viscosity of the internal gas
Reference viscosity for viscosity
calculation

Temperature corresponding to
the reference viscosity

Storage array for internal gas
mass flux needed for interpola-
tion later in the routine

Source of carbon monoxide

The last WBRN value deter-
mined in the group

The last WBRN value determined
in the group prior to the group
under consideration

ot e A



Program
Symbol

WDEP

WDEPX

WDEP

WDEPX

WDEPXX

WE

WFD
WFDX

WFDXX

WEFP
WEX

WEXX

WHOLD

wsli
wsiO2
WSIX

WSIEXX

WSTCRE

Dim.

Units Subroutine
b /sec
m
|bm/se~.
Ib /sec
m
Ibm/sec
Ibm/sec
lbm/ff2 -ec
COMBIN
SIC
COMBIN

Description
Source of deposited carbon

WDEP value determined in
the group prior to the group
uvnder consideration

Source of deposited carbon

The last WDEP value deter-
mined in a group

The last WDEF value deter-
mined in the group prior to
the group under consideration

Internal gas mass flux

Source of pyrolysis gas

Last WFD value determined
in the group

Last WFD value determined
in the group prior to the last
group under consideration

Interim value in the calcula-
tion of WF

Last WF value determined in
o group

Last WF value determined in a
group prior to the last group
under consideration

Storage array for silicon monoxide
source needed for interpolation
later in the routine

D it e R e

Silicon monoxide scurce

The last WSI value determined 1
in the group

The last WS! value determined
in the group prior to the group
under consideration

Storage array for GRAF1 values o
needed for intsrpolation later P
in the routine

i
!
|
!
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SN

Piogram
Symbol

XHOLD

XIR
XIWALL

XLEFT

XMDOTC

XMDOTD

XMDOTG
XMDOTL

XMDOTR

XMDOTS

XRI

XSAVE

ZWALL

Math,
Symbol

Dim.
Units Subroutine

COMBIN

BTU/Ibm

In

Ib /sec
m

Ibm/sec

|bm/sec

ib /sec
m

b /sec
m

None

Description

Storage array for WBRN
values needed for inter=
polation late: in the routine

Recovery enthalpy
Enthalpy at the wall
Distance to major nodal inter-

faces from the back surface

Mass recession at the ablation
surface from combustion and
sublimation

Diffusion-limited surface
combusion rate

Same as GAS

Surface combustion rate
Reaction rate limited surface
combustion rate

Surface sublimation rate
Storage array for recovery
enthalpies (An input table)

Test value for determining
whether to end the problem
or not because of complete
loss of ablating material

Compressibility factor at the
ablation surface
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SAMPLE CASES

The two sample cases presented have used the same basic data. The first
case (1) is a temperature drive input end the second case (lI) is a heat flux drive
input, The calculated data output at a limited number of time points is shown for
each case,




SAMPLE CASE |

Temperature drive - DATA INPUT CARDS

- XOT MAIN

TFMPERATURF DRIVF

1
O
40,

140,
160,
180,
200.
220
240,
260,
280G,
3004
320,
340,
160
380,
400,
420,
440,
460,
480.
500,
540,
600,
700.
800,
900,
1000,
1078,
Oe¢

Oe
40
50
6Ce

160
-2
1e0
240
240

O

104
20,
100
100.

SAMPLF CASF

« 00004
+00010
« 00061
« 001391
« 01086
«01341
200632
« 00786
« 00660
«00501
« 001385
2001335
«N0308
+00295
«00282
e 00268
«00285%
« 00302
+ 00328
«00381
e 00475
« 00607
s 00755
« 00865
+ 00930
« 00861
00685
«00650
«01030
+01360
+01460
«01550
+016013

le
1e
le
le

+ 00004901
« 000619
2001944
e 004779

TIME <TFP CONTROL TABLE

PRINT STFP CONTROL TABLF

LOCAL STATIC PRESSURE AND FLOW
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5604

70, 393,0
80, 51248
8%, 76740
90, 1030.0
9%, 92040
100, 8l8.1
105, 75540
110 65140
115, 549,0
120, 41049
130, 249,0
140, 29840
150, " 25840
160, 21340
170, 15640
180, 12541
190, 9649
200, 7767
210, 6642
240, 4745
300, 3643
350, 4948
370. 6145
390 906
410, 147
420, 236
450, 366
470, 459,
480, 496
490, 480
510, 411,
530 318,
5€0e 287,
570, 307,
7064 734,
756, 1115,
1078« 2117,
O e

2 ALUMINUM

1 AVCOAT
0

e 008396
0012207
«011308

«013202
0012724
e0125472
« 011384
« 009522
«008698
« 007690
« 006707
« 006108
«00555%2
« 004909
2004192
0203612
«003218
« 00277

0002415
« 002098
«00179%
« 002061
0002261
«002634
«003475%
+ 004399
« 005078
«005091
« 04891
« 004298
¢ 0013504
« 002628
+0C2214
e001667
«00118

« 001561
«00197>

015
1,976



SAMPLE CASE |

- OUTPUT OF INITIAL INPUT TABLES
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SAMPLE CASE |
Temperature drive - OUTPUY OF CALCULATED DATA AT VARIOUS TIMES

The following listing shows the CHAD proqram output at time =
0, 100, 200, and 500 seconds.
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SAMPLE CASE | |

Heat flux drive - DATA INPUT CARDS

FLUX DRIVE SAMPLF CASE

- XQT MAIN

1
O 1.0
40, 062
100, 1.0
6004 240
1078, 240
O. O

2
O, 10,
100, 20
600, 100,
1078, 100.
Oe O
3 1
0. 24751,
20, 248413,
40. 24935,
60 24854,
80, 22965,
100, 18058,
120, 145240
140. 12713,
160, 11419,
180, 10614,
200, 10133,
220, 9810,
2640, 9572
260. 9408
280, 9240,
300 907k

3204° 8902.

340, 8727,
360, 8530
380, 8275,
400. 7880,
420, 7280,
440, 64204
460, 5245,
480, 3858+
500, 2720,
540 1245
600, 560
700, 110¢
800. 11‘0.
900, 117
1000, 123
1078, 124,
O Oe

> 4
z 0. 203690
; 40, 1e756
¥ 506 1045
60 66.08

« 00004
«00030
200061
«00391
«01086
001341
« 00932
200786
« 00660
« 00503
«N0295
«00335
« 00308
¢ 00295
«00282
« 00268
« 00285
«00302
«001326
«00381]
¢ 00475
« 00607
+ 00755
« 50865
+ 00939
«0CB61
« 00685
« 00650
« 01030
«01360
e01460
01550
«01603

le
le
le
1.

TIME STEP CONTROL TABLE

PRINT STEP CONTROL TARLF

o067
12.33
33.88
192,31
30431
Te25
3691
2e47
1675
1e07
1,36
1626
1e22
1¢19
115
1,10
105
+985
0925
¢ 9058
«97
1el115 -
1,22
1el4
» 785
0245

LOCAL STATIC PRESSURE AND FLOW
2000\ 403
« 000639
«0019406 .
e 004779 :

3
Lo H
‘



LN

70 39340 le 008396
80, 51248 le 012207
85, 76740 le 01308
90, 1030.0 1e 013202
956 920.0 le 012724
100, 818,1 1. eN12547
106, 75540 1. 011384
110, 65160 le «N09522
115. 549,0 le 4008698
120. 41049 le 007690
130, 349,0 le +006707
1404 29840 le 006108
150, 25840 1, 005552
160, 2134 1e 004909
170, 15640 le «N04L192
180, 125.1 1e 4003612
190, 9649 e +003218
200, TTe7 1. « 00277
210, 66¢2 le 002416
240, 47,5 le 002095
300, 3643 l1¢ +001795%
350 49.8 le 002061
ra 370. 61.5 1. 0002261
\ 390,. 90.6 e 002834
M - 410, 147 1s 4003475
430, 236 le 004399
N 450, 366 le 4005078
2 470, 45%, le 005091
< 480, . 436 le 004893
: 490, 4R0. 1s 004296
i 510. 411, 1. 0003500
: 530, 318, le 002628
> 550 287, l1s 002214
: 570. 307 1e 201687
706 T340 le 00118
N 756, 1115, le 001561
4 1078, 2117 le 001972
L O Ce
2 ALUMINUM 2015
1 AVCOAT 14976
0
560
001882
: (
; .
!
[ R
[TRLANEE

0036

ke

FAPRY
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SAMPLE CASE | |
Heat flux drive - OUTPUT OF INIT!AL INPUT TABLES
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SAMPLE CASE 11

Heat flux drive - OUTPUT OF CALCULATED DATA AT VARIOUS TIMES

The following listing shows the CHAD program output at time =
0, 100, 200, and 500 seconds.
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p PROGRAM LISTING

This is a sequenced listing of the CHAD computer progiem (including sub-
routines),

- FOR RLKD/D2+RLKD/D? sBLKD/C2

BLOCK DATA CHDO0000
COMMON /BLOCKA/ CHDO0010
1ABSORP (10} »ABSC sACTENC sACTENS sACTENV(4+10)s CHD00020
2BSTAR +CCPCL&) +CCPGIl &) sCHARPT(101) +CKCl4) s CHD0O0O030
3COEFT(4,10) +CONDC »CONDV (100! +CONST(4910) +COVERX(100) s CHDOO04O
4CPRAR sCoC +CPV(100)} +DIFREC SUMATER(10) » CHD0OO00S0
SErCOLC +EFCOLS YEFCOLV{as10)2sEMIS(]10) +EMISC » CHDOCOGKO
6HOFM(10) s HCOM sHCOMG ,HSUB sMAT(100) » CHDOOO70
TMATOMYN sMA TMNE sMN *NN *NNP + CHDOOOBO
BNNSAVE sNRDIV sNREND sNRGO INST » CHDOO0090
9PARTIN(101) »PHI sOBYRAD »JCONMB »QEXTR s CHD0O0100
10GPCOM +GSUBL »RECPRO s REORDC +REORDS s CHDOO110
2REORDV (4 ¢10) sRHOS2 sRHOS (30%) sRHOCPX(101) oF.10C » CHDOO120
IRHOVI10) »SABL »SABLC +SDOT »SDOTC +» CHNOO130
4SLOPE(10) sTMELT(10) 2 TS2 +175(208) s TRCHAR » CHD0O140
swWFZ sWF(208) s XCHAR XINIT +XLEFT(101) o+ CHDOO150 ¢
£XMASS » XMDOTC s XMDOTD »XMDOTG s XMDOTL » CHD0OD160
TXMDOTR +XMDOTS ' XTOTAL sXVIRG(1C1}) +XZONE CHDOO170
COMMUN/RLICKC/ ) CHDGO0180
1BLPRES(20,11) s COMMAX s»CUTOFF +FL120511) » CHD00190
2FLOWI20511) sHCCONV(20+11) s IERROR s JUNCT oL s CHDOO0200

‘ 3N sNOSECH sQBACK 2OCONV(20911)90GAS(204511) » CHDOO10

I 4GMI1SC »TIME +TPQINT s TWALL(20911) o XIWALL(20011)s CHDNO220

‘ SXIR{20911) CHD09730 _
COMMON /BLOCKJ/ CHDO0240 ,
1FLUXI(200)+TEDEP(200) »XEDE 11011 +EDEP{101) oNTEDEP» CHD00250 :
2NXEDEP ¢ ITEPEP ,EDFLUX{100) CHD00260 :
COMMON /BLOCKK/NN1sQCOND:205) CHDO0270
COMMON/BL OCKN/COORD CcCHDOO0280
COMMON/BLOCKR/DIFC(4) sEROC 4 ) s ERODE CHDO0290
COMMON /CHCOM/ DTAU, IBE(10) I1BS(10), 185PN CHD00300
11GTYP(10)s 1HON(&), IMy 12B(3), 12G(2410) CHD0OO01310
212G6T(3), JRSW NCSN{10)s  NSHL(2), NSHR(3), CHDN0320
INZEN(3), NZSN(3), RHO1(30%)s RHO2(30%)s RHO3(610)» CHDO0330
41 vyTEMPA2(205) 9 TEMPA3(4D) s TEMPA4L42]) +TEMPAS(20%) CHDOO0340
5 DELX( 100! sDIZTL(100)cuUM (101 o 1COM) CHDO00350
61YSsLFToMGIMDUMSMCENT10) sNCUT oeNDI3) oML ZANISNeSNT s CHDO9360
TSCHECK ' CHDOO0370
COMMON 7NASCOM/ CHARROAIRM, CHDOO01380

JCARBN1(205) s CARBNS{205) 9STLCALI(205) »SILCAS(205)9PYRO(203)+DEP(2051CHDO0390
2sHYD(205) +AERO(205) s AERN{205) sBURNI(205) oWFD(205)+» WDEP(20%) +WSI(20CHD00400
35) »WBRN(2053 ¢ EMWT(205) vFRG( 208) CHDOO410
4oTIMEY(S50)»TFT(50)sNPTS CHDBOO420
5+POR{205) »PERM1(205) »PERM2(205) 9 VISC(205) +GCONsRHOTSsCARTS#SILTS s CHDOO0430
6PORT»PERT19PERT24DCOMDCO0+DCOPY sDCODP9sDCOS!E «DTOCMIDTONS CFXHICFX02CHDO0440
TCFXPY o CFXCPyCFXST oCFXCMoCFXNSDIFCOE205) 5 SOX(Z05) CHDOO4SH
B8rALLGAS(205%) sGRAF1(205) 9GRAFS(20%) s SPEED{205) +DIFCHI205) +DIFR{205)1CHD0D460
99V SCOsVISCONIAF sBF s ZILICAIREG o PMW o DMW 9 HMW » AOMW o ANMW ¢ SMW ¢ BMW 9 C X (6 ) CHDOOL T O

1405, +QBRNODEP CHDOG&80
DATA NSToLoNs COORDsAIRMeGCON/10191+1492849691545,/ CHDO0490
DATA CFXOsCFXNsCFXHoCFXPY oCFXDP oCFXST 9CFXCM/ TR0,/ CHDOO0500
C THE ABOVE DATA STATEMENTS ARE NORMALLY LEFT UNCHANGED CHDDO0%10
C MATERIAL 1 DATA CHNO0520

DATA (ACTENVI(Is1)91=1+2)/23300,904/ CHPNO0S30
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DATA (EF(OLV(Iol)o%zlo?\/ll?OQ.oOo/ CHNOO06K40
alys .

DATA (REORDV(is1)» 21716404/ CHDO0559
DATA HOFM(1)/350./ CHD00560
DATA (COEFT(Is1)olx194)7/442+00900204/ CHDOO0570
DATA (CONSTUIo1)s1=134)/4244E-5911053E-B9s=1467E~11+04/ CHPOO580
DATA EMIS(1)sABSORP(1)sRMHOV{1) ySLOPF(1)/e99e9s3%0e91e2/ CHDO00590
C MATERIAL ? DATA CHNNC600
DAYA (ACTFNV(1+2141=142)/04+04/ CHNOO0K10
DATA (EFCOLYI142)9121921/04:047/ CHNNN620
DATRA (KREORDVIIe2)9i=1021/0evDe/ CHNN0630
DATA HOFM(2)/1204/ CHDOO0640
DATA (COEFT(1+92)91m10431/+09936+01642E-4104055E-B8r41389E-10/ CHDO0650
DATA (CONST(192)s12144)/40412590961F=5+0¢404/ CHNOO0E60
DATA EMIS(2)sABSORP(2)sRHOVI2} sSLOPE()/e294606RbereT/ C'1D00670
C CHAR DATA CHNOO068BO
DATA ACTENCH,EFCOLCIREORDCIHCOM /398554 ¢06T3E92¢5404/ CHD0O0650
DATA ACTENS+EFCOLS+REORDSsHSUB /0es0es04904/ CHDOO700
DATA (Z(PC(I))lw}ols)/et2+0090090e/ CHNOO0710
DATA (CKC{1)ol=]194)/016BE-29=0296BE~5+41751FE-89~02402E~12/ CHDOC720
DATA EMISCsABSCoRHOC» TRCHAR/ «65910920091,4/ CHDOO0730
DATA CHARRGO/104/ CHDOO0740
C GAS DATA CHD0O750
DATA (CCPG(1)ol1=144) sHCOMG/e7900904000961734/ CHPOO0760
C INTERNAL FLOW AND DIFFUZION CONSTANTS CHPOO770
DATA CARTS»RHOTS»SILTSsPORTIPERTYI'PERT2/131497045137439e750 CHDOO780
11.€-10910,/ CHDO0790
DATA VISCOsVISCON/]1eE~5+95304/ CHD00800
DATA DCOCMyDCODP sDCOHsDCON9OCOO+DCOPY $0COST/ TR0/ CHDOOB10
DATA ANMW s AOMW s BMW s DMW s HMW s PMW 9 SMW /280193249286 420049241916, 0644/ CHD00820
C MISCELLANFOUS CONSTANTS CHND0330
DATA BSTARS(DIFC(T)912144)/4839~06899-2454+=2e70s=48T7R/ CHDOO0R4O
DATA QSI+QDEF9QBRN/OssNss04/ CHDOO0RSO
DATA AFsBFsSILICAIRED/240921E31407559841960147 CHNO0900 :
DATA (CX(1)912196)/00136591160291777006006E=490011406022/ CHD00910 ;
END . CHDO00920
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- FOR ALOCK +BLOCK

SUBROUTINE BLOCK(XMCs»TCsGASsSLOPE sHF 9PHI)
XMG=GAS

TG=SLOPE

IF(F~1e1) 10+10+20

10 Az (XMCH*TC+XMGRTG)
6C 1O 390

29 Ax (XMCHuTC#%34+XMGHTGY"3) /3,

n B=A/(H:1.€E-20)
IF{B-884140040+50

40 PHI=EX> (~B)
GO 70 60

50 PHI=O,

60 RETURN
END

000315

CHD009130
CHD00940
CHD0O09%0
CHD00S60
CHNO0970
CHND0980
CHD00990
CHDO1000
CHDO01010
CHD01020
CHD01030
CHDO1040
CHDO1050
CHDO1060
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~ FOR CHARM/S4sCHARM/S4

SURROUTINE CHARM CHDO1070
Cruna CHARM SUBROUTINE IN CHAP <=JULY 1966 VERSION CHDOlo080
C LISTING FOR GAUDETTE 8528 TAPE CHDO1090

COMMON /BLOCKA/ CHDO1100

1ABSORP{10) +ABSC »yACTENC sACTENS sACTENV(G910)s CHDO1110
2BSTAR 1 CCPCHLL) »(CPGIG) +CHARPT(101) oCKCl4) v CHDO1120
3COEFT{44+10) +CONDC +CONDV(100) +CONSTI(49+10) +COVERX(100) CHDO1130
LCPBAR oCPC sCPVI100) sDIFRFC sUMATER(10) s CHDN1140
SEFCOLC +yEFCOLS sEFCOLV(4910) 9EMIS(10]} yEMISC » CHDO1150
6HOFM{10) yHCOM s HCOMG s HSUB +MATI{100) s CHDO1160
TMATOMN »MATMNE 'MN s NN s NNP » CHDO1170
BNNSAVE sNRDIV +NREND +NRGO oNST » CHDOl180
9PARTINI(101) s+PHI »sQBYRAD »QCOMB sQEXTR » CHDO1190
10G6PCOM sQSUBL tRECPRO *»REORDC +REORDS » CHDO1200
2REORDVI44+10) sRHOSZ sRH05{305) sRHOCPX(101) »RHOC s CHOO1210
ARHOVI(10) » SABL +SAB|.C v SDOT »SDOTC » CHDO1220
4SLOPE(10) »TMELT(10) 2 TS2 2 TS5(20%) s TRCHAR s CHDO1230
SWFZ yWF{20%5) s XCHAR o XINIT oXLEFT(101) » CHDO1240
6XMASS 2 XMDOTC 2 AMDOTD »XMDOTG + XMDOTL » CHDO1250
TXMDGTR s XMDOTS s XTOTAL +XVIRG(101) 2 XZONE CHDO1260

COMMON /BLOCKB/ USER(243)sBLDEN{20+11) CHDO1270

COMMON/BLOCKC/ CHDO1280

1BLPRES(20+11) +COMMAX +CUTOFF »F(20011) » CHDO1290

2FLOW(20911) »HCONVI(20911)+IERROR » JUNCT (1% s CHDO1300

N *NOSECH »QBACK sOCONVI(20911190GAS(20s11) » CHDO1310

4QM1ISC +TIME »TPRINT sTWALL(20911) o XIWALL(20911)s CHDC1320

SXIR(20911}) CHDO1330

COMMON /BLOCKJ/ CHDO1340

1FLUXE(200) o TEDEP(2C0) s XEDEP (101} +EDEP(101) 9oNTEDEP CHNO1350

2NXEDEPs ITEPEPHEDFLUX(100) CHN0O1360

COMMON /RLOCKK/NN]1+QCOND(205%) CHDO1370

COMMON /RLOCKN/COORD CHND1380

COMMON/BLOCKR/DIFC{4&) sEROCI4) +ERODE CHNO1390 )

COMMON /CHCOM/ DTAU IBE(10) 185(10)» IBSPN» CHDO01400

1IGTYP(10)s IHDNI(G) IM» I12B(3), 12G(3910! CHDO1l410

21ZGT(3) JRSW» NCSN(10)» NSHL(3) NSHR(3) CHDG 1420 !

3NZEN(3} NZS5N(3) RHO1(305)» RHO2(305}» RMHO3I410):s CHDO01430 i

41 sTEMPA2(205) s TEMPA3(42) 9 TEMPAL(G2) +TEMPAS(2051 CHDO1440 .

5 DELX{I00)sDISTL(100)sDUM {10)4+]1COMs CHDO145%0

61YSHLFT oMGIMDUMINCEN(10) sNCUT oND(3) +NLZONsSN9SN1» CHDO1460

TSCHECK CHDO16170

COMMON/NUCOM/ NADA:s CHDO1480

1EMI42) CHDO1490

COMMON /DACOM/ A(42)y c+“n01500

1ABVAL »ABVALMIABVALS8(42) +CL42) » CC(205) sCOND(42) CHDO1510

2CONDX sCONDXXs D(42) +DDI(205)+DELTX1101)9sDGASsDO CHNO15%20

IDTALC sDTAUS sDTAUX sDTFoDTR(3) sEDFXsEDOFXX4EMI (4210 CHNO1530

GETALETASsFHT (42) oFHYX o FHTXX sGAGC 9GAS1 sGK oGXeGY 0G0 CHDO1540

SHDA(S910) o 1BSPMs IERRIGCsIGL IGLDYIGRIIGRL 9 IGT91G2 CHDO1550

GITHYSIINEGoINLIN2oIP o IPLUSYITERSITERToIXo1Yo120JeJBES CHDO1560Q

TJIBEM s JBE X » JBND] 0 JBND2 +JBSs JRSM s JRSPM 1 JBSPN 9 JBX 9 JBXX 0 JCEN CHDO1870

B8JCENM s JCSNs JCSNM e JE 9 JET 9 JE2 s JHDN 9 JHONY s JLSW 9 JSLAB» JX 0 U2 CHDO1%80

9K1 sLANDIDsLRT oMARK s NADD (42) +NASWINBNDSTINBNDI(11) CHDO1%90

INBSWoNDC s NDCMoRLSW{ 101 « NOF sNCTIME sNPBSWINPEINsNPS2N sNPTSW s CHDO1600

.II
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IPNRIDeNFIDCINRSW( 1D o MRIGNoNSLAB(10) o NSLABHI10) sNSWeNXSW CHDN1610

ANZONINZONCyCNE s PSTaNSAVESQTOT+RTOTAL +REFCTRSBKsSDNY CHDO01620
GODCTNISNS s5RASTARYTALOULT o TAUST (29 TAUTsTAU2»TAUZS» TEMPAY CHDO1¢30
STEMPSTI3) s THREE yTWOIWFP I WFX s WF XX s X[ 9 XMCOM» XSAVE CHDO1640
COMMON /NASCOM/ CHARROsAIRM, CHNO1650

1CARBN11205) o CARBNS(205)sSI1LCALE205) oSILLAS{205)sPYRC(205)+DEP(2N51CHNO1L60
2oHYD({PCR) »AEROI205) +AERN(205) +BURNL 2051 +WFL (20519 WDEP{2C5)sWSI(20CHDO16T70
38) JWRRN{ 2051 sEMWT(205)9sPRG( 205) CHNO1680
e TIMEX(SD)I9TFTIS)sNPTS CHNN16%0
5+POR(205) PERM1{205)1+PERM2(205)sVISC(205)sGCONsRHOTSeCARTSH»SILTSs CHDOL1700
6PORT«PERT1+PERT2,DCOH,DCO0»DCOPY yDCNADPsDCOST sDCOCMyDCONSCFXH CFX04CHDO1T710
TCEXPY o CFXDPsCFXST 9 CFXCMyCFXNSDIFCOL2035)950XK1205) CcHDO1720
BALLGAS(205%)+GRAF1(205)4GRAFS5(206)sSPEED1205)+DIFCH{2051,,DIFR(205)1CHDO1T30
FIVISCOsVISCONYAF oBF ySILICASREQ s PMW e DMW s HMW s AOMW 9 ANMW 9 SMW o BMWsCX (6 ) CHDO1T740

e e

R A T I

1+1GSTsQBRNIQDEPDACT CHDO175%0
COMMON /TABCOM/ NDOTS(4)sTIMELI(100)+TIME2(100)9TIME3(10C) CHDO1760
1TIMES(1C0) +DSTEP(100) +PSTEP(100)sXRI(100)4sRHI100)+0MUL100) CHDO1770
2TT(100)+PPLI0D1sFF(10N)4AST(100) CHDO1780
DIMENSION AREAC(42) 9CONDO(4&3) 9EMBMI42) oNBND2{10) sNHDNI(3) CHDO1790
1PC(42) )RATE(42)sRHOL(306) DELTAX(1)+TEMPAT (1} CHNO1800
Cruse DIMENS10:; STATEMENTS CHDO1810
C CHDO01820 ’
DIMENSION AREA(42)sARFAV(42) CHNO1830 .
C CHDO01840 .
Cenas COMMON STATEMENTS CHDO1850 .
C CHDO1860 ¢
- C CHDO1870
( : Coans FAOUIVALENCE STATFMENTS CHNDO1880
- C CHDO 1890
EQUIVALENCE (NBND1(2)sNBND2(1)) CHDO1900
EQUIVALFNCE (WF(1)sRATE(])) CHNO1910
EQUIVALFNCE (IHDN{?2)+NHDN(1)) CHNO1920
EQUIVALFNCE (RHO2(103)sRHOL(Y ) CHNN1930
SQUIVALENCFE (CONDOI(D)+sCOND(3)) CHNO1040
EQUIVALENCE (TEMPAT(1)eTS(11)s(DELTAX(Y9sPARTINI])) CHDO1950
EQUIVALENCE (EMBM(1)+PC{1}) CHDO1940
FQUIVALFNCE (XMDOTG»GAS) CHDO1970
EGUIVALENCE (MNODsNNP) . CHDO1980
EQUIVALENCE (RHO3{307)» PC{1))e (RHO3(350)4,AREAC(1)) CHDO01990
EQUIVALENCE (RHOCPX144)¢AREA(1)9ARFAVI41)) CHNN2000
C CHD02020
Chaxnn ENTRY POINT TO SUBROUTINE CHDO02030
C CHD02040
TAUOUT=TAU14+COMMAX cHN020%0
GO TO (109135271 4NST CHD02010
C CHDO02070
Conunn INITIAL SECTION--10-2599 (PASS THROUGH ON FIRST ENTRY ONLY? CHDG 080
C CHDO02090
Ctuna SETUP OF VARIOUS COEFFICIENTS~~ SPECIFIC HEAT, CHD02109
Conss DECOMPOSITION REACTION FREQUENCY FACTNARSIHEAT OF DECOMPOSITION CHDO02110
C CHDO2120
1D CCNTINUE CHDO21130
TWALL (197 )8TS(NNP) CHDO2170
D0 11 J=14 CHDO2220
11 CCPCLY) = RHOCHCCPC(J)/12 CHD02210
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12

13

14

10016
20016

16

17

CO 16 I=1410

NO 12 J=lsd

COEFT(Jel) = COEFT(J-I)!RHQV(I)/IZ.

ONE = RHOV(I)-RKOC

IF {ONE) 13+413,10016

CONTINUF

DO 14 J=14

EFCOLVIJe1) = Qo

HDA(Jol) = O

CONTINUE

GO TO 16

CONT INUF

TWO = 12,/0NE

DO 20016 J=leb

EFCOLVIJel) s EFCOLVIJoII2RHOVIT)/ONE#SREORDVI(JW!)
HDA(Jo1) = {CCPGIJ)=-TWORICOEFT(J»IV=CCPCI{J))I/FLOATI()
TEMPA = £36467

HDA(S 1) = HOFMIT)I=(HDA(YLsI ) +{HDAL24] )+ (HDA(3s]1)+MHDA(L])
1#TFMPA)RTEMPAYRTEMPA) RTFMPA

RHOV( 11=0NE+1E~10

00 ¢ K=1942

AREA(K)=]l

AREAVIK)=1e

ZEROING AND INITIALIZATION

ZONE CONTROL VALUES SET
128¢1y = 119
1ZR(2) = 187
1ZR(3)y = 187
1BSPM = 204
IBSPN = 203
THAN(]) = ]
NHON(1) = &
NHDNL2) = 4
NHDN(3) = &
NZSN(1) = AN
NZFN(1) = MNOD

1
1

NRZON =
NLZON =

IF = 3
NPEIN = 1
NPS2N = 1]

NODE DIVIDERS SET
NC({1) = NN
ND(2)} = 500

ZFROING
DO 17 J=1»3
NSHLIJ) = 0
NSHR(J) = O
DGAS = 0O,
GAS1 = O.
1=0

CHRO02240
CHN02250
CHDO02260
CHD02270
CHDO02280
cHNO02290
CHD02300
CHDO02310
CHD02320
CHD02310
CHDO02340
CHD02350
CHD02360
CHD02370
CHDO02380
CHN023%0
CHN02400
CHNOZ2410
CHNC2420
CHDO02430
CHDO02440
CHDO2450
CHDN2460
CHDO02540
CHDO25850
CHDO2560
CHDO2570
CHD02580
CHDO2590
CHDO2600
CHNO2610
CHD02620
CHD02630
CHNO02640
CHDN2650
CHDO2660
¢HD02670
CHDO02580
CHRO2690
CHDO02700
cHNO2710
CHDO2720
CHDOZ2730
CHD02740
CHDO2750
CHDO02760
CHDO2770
CHDO2780
CHNO2790
rHNO2800
CHDO2A810
CHDO02/ 20
cHNO283%0
CHD02840
cHNO28S0

T



<
C

18
C
Cenns
Conns
C

19

20
Crane

wF(11=0,
JeAVE ="
1SAVE?=0
1SAVF6=0
[SAVER=0
ISAVE6=0
NGAS({1+1120,

ITFRT = O

NOTIMF = 0 -
OTHER VALUFES SET

NERTI~PEDOT1I®A7.2

PERT2=PFRT2#32,2

NRINC = 1
NZONC = 1
NST = 2
ETA = 0005
NRSW = 1
NCUT 1
NPTSW = 1
LFT = 1
LRT = 2

DO 18 J=193
TAUST(JY = Oo
DTR(J) = O
TEMPST(J1 = TSINN)
CONTINUF

SETUP OF TEMPERATURES AND DENSITIES
PLACEMENT OF NODAL WIDTH VALUES INTO DELX ARRAY
XLEFT(11=0,
XSAVE:O.b‘PARTIN(l)#XLEFT(])
NO 19 J=1NN
1 = MAT(J)
RHO1(J) = RHOVII)
XLEFT(J*I)SXLEFT(JlOPARTlN(J)
DELX(J) = PARTIN{ D)
DO 20 1=1sMNOD
TEMPA2(T) =~ TSI
TEMPAS(TY) = TS(D)
RHO2(1) = RHOYI(I)
RHOS (1) = RHOY(I)
J = 1+IRSPM
RHOi(J) = RHOY1( 1
RHO2(J} = RHOILT)

RHO31J) = RHOY(1)
RHO4(J) = RHOL(I)
RHOS({J) = RHOY(I)

I = 128(1)=1
K = NHDN(1)+1]
TEMPA = TEMPAL1INN)
SETUP OF FRONT LONF
ONE = (TEMPAI(MNOD)-TENPA\(NN))/FLOAT(NHDN(l))
DO 30 JrleK

CHN02860
FHNO2862
CHN0O2863
CHNNZ2864
CHDO2R6S
CHDOZ2866
rHNOZ2867
CHDN2870
"HDO02880
FHNO2RS0
CHNN2900
CHDOZ2910
CHDO2020
cHN02930
CHDO02940
CHNRO2950
CHNN2950
runn2970
CHD02980
CHDNZ2990
rHnN3000
cHanc3010
CHNO3020
cHDO3R30
CHDO3040
rHNN3050
CHDO3060
CHNO3070
CHN03NBO
CHD03090
CHDO02100
CHNPO3110
rHN03120
CHNO3130
CHDO3140
CHND3150
CHDO3160
CHDO3170
CHDO3180
CHD03190
CHD0O3200
CHDO3210
FHN03220
CHNO3230
CHDO03240
CHD0325%0
CHD03260
CHNO?3270
cHNO03280
CHDO3290
CHDO3200
rHD03310
CHDO3320
CHDO3330
CHNO3340
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I = 1+1 CHND3350

TEMPALI(I) = TEMPA CHNN33560
TEMPAZ () = TFMPA rfHNO3370
TEMPAS(]) = TEMPA rHNN3380
TEMPA = TEMPA+ONF CHNO3390
RHOT{1) = RHCI(NN) CHD03400
RHO2( 1Y = RHOLI(I) CHNO3410
30 RHOSIT)Y = RHOI(D) CHNO3420
HOLD=ERHOC(-CHARRO CHN03410
DO 40 J=10208 CHNO3440
CARARNL( J)=CHARRO CHNO3450
CARBNS{ J)=CHARRO CHDO3460
CIAF1(J)=0, CHDO3470
GRAFS({J) =00 ZHD0 3480
SILCAI(J)=HCLD CHDO03490
STLCAS(J)=HOLD CHDO3R00
PYROtJ)=1e CHNO3519
FMWT (J)=ATRM FHN03%20
40 CONTINUF CHDO03530
RO SO J=1,100 CHNON3532
50 EDFLUX(J)=0. CHDO 3534
C CHDO3540
Coany SETTING OF TIMES AND DELTA TIMES CHDO35%0
C CHR 03560
TAUOUT = COMMAX CHNO3%70
DTAU = COMMAX CHDO3%80
211 DTAUS = DTAU CHDO3590
NTAUC = nTAU CHDO3600
DTAUX = (Qe540DTAU CHDO3610
TAU1 = 0. CHNO3620
TAU? = DTAU CHD03630
C . CHD038%.0
Consa NORMAL IZED DISTANCES AND NORMALIZED NODE WIDTHS CHNO3&50
C CHDO3660
1Yys = ND(1) : CHDN3670
SN} = XLEFT{MNOD)=-XLEFT{IYS) - CHDO3680
00 2190 J=1YS»MNOD CHDO03690
DISTL{(J) = (XLEFT{MI~-XLEFTIIYS))/SNY . CHNO3700
230 DELX(JY = DELX(J)/SN] CHDO3710
Conan €HDO03720
SCHFCK = D,%5%SN] eHN03T720
C CHDO03740
Chrnen CALCULATION CONTROL=--2600-2684 CHNO3750
C _ CHDO3760
2600 NPBSW = [P CHDO3T70
MARKX = ] CHDO3780
IG = 1 CHDO3790
LANDID = CHDO3800
NRID = NRIDC CHDO3a10
NDC = 1 ' CHNO3R?0
NOCM = 1 CHDO3A%0
2601 162 =* 16 CHMDO0284O
GO TO (26069261442615)NPBSW CHDO3A30
2606 NBND1(IG) = NBSW+S CHDO3840
NCSNI1G) = cHNO3IRT0

106 :

e R A




264NR

2614

2615
2620
2625
2628

2629
17629

12630

2635

2640

T

2644

2645
12645

12646

2646
2647

2648
2650
2651
2655

~

NRMAST = 4
NCFMITIGY = NPEIN
NSW = 1

GO0 TO 2m/40
NBNDILIGRY - o
NCSKNIIG)Y = MNPPS2N
GO TO 2620
NBND1(IG)Y = NBSW+5
NCSNIIG) =

NZON = NZONC N
NANDST = §

IGC = 0

IF (NC5N(IGI~NZSNINZON) 2628426442644

IF {NZSN(NZONJI-NDINDC)) 2635326352629
IF (NCSNU{IG)I~NDINDCY) 17620412623917679

LANDID=1
NDC = NPC+1

NDCM=1

IGLD=16

GO TO 2635
NCEN(1G)=ND(NDC)
NDC = NDC+1
LANDID=?

NSW = S

NDCM = 2

GO TO 2640
NCENITG) = N2ZSNINZON)
NSW = 2

IGTYPLIG) = O

JHDON = )

IB3LIG) = NCSNIIG)
GO TO 2660

16C = 16C+1

IF (NZEN(NZON)Y=-NDINDC)) 264Re26G632A4%
IF (NCSN(IG) = NDINDC))1264691264541264%
LANDID = 3

NDC = NDC + )

NDCM=1]

IGLD=1G

60 TO 2648

NSW = 2

GO TO 2647

NSW = 3

NCEN(1G) = NDINDC)

NDC » NDC+1

NDCM = 2

LARDID = 2

GO Y0 2655

NCEM( IG) = NZEN(NZON)

IF (NZEN(NZON)-MNOD} 26%50+26519265%51
NSW = 3

GO 10 24%%

NBNDST = NASW

NSW = 4

1GTYP(IG) = N2ON

rHUn03RB0
CHNANTRON
THDO3900
CHPOI910
CHNO3920
CHNO3930
CHND0O3940
CHNO39%0
CHNDO 3960
CHNO3970
CHDO2980
CHDO 3990
CHDO4000
CHDO&4010
CHDOGLO20
CHNDO40D
CHNOALOA4O
CHNOLOSO
4n04060
CHNO4QT0
CHDOGLOBO
CHDO4090
CHDO4100
fHDO%110
CHNOG129D
CHPO&130
CHNO4140
THN0L150
CHNO4160
CHDO4170
CHNO4180
CHDO4L1930
CHNO4200
CHRO4210
CHDO04?20
CHNN4230
CHNO4240
CHDO4250
CHNO4280
CHNDOGR2TO
CHDOL280
CHDN4290
CHDO4200
CHNO4310

CHDO4320

CHD041330
THNO4340
CHDO4350
CHDO4360
CHDOL 570
CHDO4380
CHD0G290
CHDO44 0O
CHDO44 10
CHDO046 20

i
!
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JHDN = NHON(NZON) . FHNOG4L 30

1ZGINZONSIGC)Y)= IG FHN064440
1ZGTINZONY = 16GC CHD 0G4S0
IF (IGC=1., 2657+2657+26%6 "HDOL4L 6O
2656 IRS(IG) = IRE(1G-1) CHNO44T0
GO TO 2658 CHDO44BD
2657 IBS(IG) = 12B(NZON!} CHD0&4490
2658 IF (NZON-NRZON) 2660:265942660 CHNDO04S500
2650 NRSWIIG) = 3 CHDO4510
NRID = 2 CHDO4520
GO TO 2661 FHN06530
2660 NRSW!IGY = NRID CHNOG540
2641 NSLAB(IG) = NCEN(!1G)=NCSNIIG) CHNO045S0
N™_ABH{1G) = NSLAB(1G)#JHDN CHDO4S60
IF (NSLARH(IG)=40) 2666+2666+2680 CHNO4570
26 NBND2{15) = NBNDST CHDO4L580
IBE'IG) = IBS({IG)+NSLABH(IG) CHNO4590
NDCM = CHDO46K00
IF (LANDID=-2) 266719266912668 R CHDO04K10
2667 NLSWIIG) = 1 CHD04620
GO TO 2670 CHDO4630
2668 NLSW(IG) = 2 CHNO04640
GO TO 2670 CHD 04650
2669 NLSW(IG) = 1} CHD 04660
IGLD=1G+1 CHD046TO
LANRID = 3 CHDO4L6BO
2670 1GL = IG CHN04690
16 = 16+1 CHDO04700
GO TO (2671+2672+2673+2675+2674) sNSW CHDO04T10 :
2671 NPBSW = 2 CHDO04720 i
GO 10 2603 CHDO3730
2672 NCSN(1G) = NCEN(IGL) CHDO4T40
GO 10 2644, CHDOLT50
2673 NZON = N2ON+1 CHDO4760
16C = 0 CHDO4770
2674 NCSNUIG) = NCIN(IGL) CHNO4LTBO
GO TO 2625 CHDO04790
2675 MG = IGL CHDO4AROO
NOF = IBE(IGL) . CHDO4R10
GO TO 2685 CHD04A20
2680 NSLAB(IG) = 40/JHDN CcHDO04R30
nrEr Ty = NCSN{IG)I+NSLABIIG) CHNO4LBALO
NRND2(IGY = 8 CHDO4BSO
NSLARH{1G) = NSLAB(IG)aJHDN CHDOLRGO
IBE(IG) = IBS{IGI+NSLABH({IC) CHDO4B870
GO TO (12683+12682) oNDCM CHDO488D
12682 NDC = NDC = 1 ' CHDO04890
NOCM = 1 CHD04900
12683 CONTINUE CHNO4910
iF (LANDID=-2) 2682268242683 CHE 6920
2682 NLSWUIG) =2 CHD06L90
GO TO 2684 CHDO4S40
2683 NLSWI(IG) = 2 CHDO04950
2684 1G = 1G+) CHD04960
NCSN{1G) = NCEN{(1G-1) CHDO4QT0
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GO TO (2608626254+264642644892625) yNSW CHNOHGBO

C CHN0459(
Crans CALCULATION OF NODE wIDTHS FNOR MINNR NNDFS H4N35000
- CHDO5010
268% DO 2686 [1G=1sMG FHDO5020
NZON = IGTYP(IG) CHDO5030

ONE = NHDN(NZON) . cHN05040

JCSN = NCSN(IG) CHNOS0%0

JCFNM = NCEN(IG)-1 CHNOS0KD

DO 2686 K=JCSNyJCEMM rHNOsSn70
DELTX(K)Y = DELX(K)/NNE CHPO5n80
DELTAXIK) = DELTX(K) CHDO5N®0

2686 CONTINUE CHMD0S100
DELTX {JCENM+1) = DELTX (JCENM) CHDOS1.7
DELTAX(JCENM+1) = DELTAX(JCENM) CHDOSB120

C CHDO5130
Cruose CHECK COMMAX (DELTA TIME FROM CHAP) CHNDS140
Conun ANC RESFT DTAUy PREDICTED TEMPERATURESs AND PREDICTED DENSITIES CHD05150
Cawxs [F DTAU LARGER THAN COMMAX CHDOS5160
C CHNO5170
12687 COMTINUE CHDO518v
IGR=12G(NRZONs1) CHDO05190

. IF (IGR-1)12688+12688912689 CHDO05200
12688 I1GR=? CHNDS5210
12689 CONTINUF CHNDS5220
BLPRES{NsL)=FONEVITAUI»ISAVE2+sTIMELsPPsNDOTS(G)s]) CHD0S230

CALL SUBZ (ZWALLSTEMPAL(NOF i +»BLPRESINL)) CHDOF 240
BLDEN(N+L )=BLPRES(INsL ! #AIRM/(ZVALLCGCON®TEMPA] (NOF 1) CHD"225%0
FLOWINSL)=TBSTEP{TAULSTIMELWFFINDOTSI4)) CHE 05270
FUMsL)=FONEV(TAUL s ISAVE2 s TIMELLASTNDOTSi4) 1) CHDOS2 71
HCONVINsL ) =FONEVITAUY s IGAVEE s TIMEAsRHINDOTSI2) 01) CHDO0OS277
CEFXOx0471#BLDEN(NSL) CHNOS278
CFXN=Co 79%BLDEN(NL) CHRN5280

CALL FLOWS CHDO5290

CALL DIFUS (DD #]1+DCD0 oCFXO 4 AEPO) CHNO5300

CALL DIFUS (DN s2+DCCH +CFXN +AERN) CHDOS5310

CALL DIFUS (DH »3+DCOH +CFXH sHYD ) : CHNO5320

CALL DIFUS (DPY+4+DCOPYCFXPYPYRO) CHDO051330

CALL DIFUS (DS1+6sDCOSIsCFXSINSOX ) CHNO5340

CALL DIFUS (DCMs7+DCOCMCEXC .sBURN) CHDO5350

CALL MOLWT CHNO5360

2687 CONTINUF CHNO5170
IF (TAUQUT=TAUL1=. 39%DTAU} 268B+2690,2690 CHDOS2R0

2688 DTF={TAUQUT=-TAUL)/DTAU CHDO0513%90
GO TO 3296 CHD05400

C CHDO5410
Ceans SETUP OF COEFFICIENTS AND CALCULATION OF TEMPFRATURES==2690-32310CHD05420
C CHDO054130
Crune ENTRANCE HERE FROM 3360+ FHR RECALC OF ALL GROUPS~-DTAU/?2 CHDOS5440
C CHDO545%0
2690 NXSW = 1 CHDO5660
ITFR = 1} CHDOS4T0

ITERT = (TERT+) CHDOS480

1ERR = 1 CHDO05490

C CHD0S55%00
109



Counn
C
2693

Connn

4850

4600

2694

2695
2692

C
Conns
Conen

C
22696

110

FNTRANCE HERE FROM 23175+ FOR RECALC OF ALL GROUPS
CONT INUF
16 = 1
WFX = 0O,
FHTX = O
F!CX = 0.
J8x = 0O
EDFX = (N
WFDX=0e
WRRNX=0,
WUOEPX=20,
WSIX=20e
DEDX=(Q.
DWFDX=0,

CALCULATION OF MASS SECESSINN RATES

TEMPA = 0454 ({TEMPAL(NOF)+TEMPAS (NCF)}

GAS = GAS1+DGAS*DTAUX

CALL RECEED{TEMPA)

1=MAT (NN}

SLGP=1,12*SLOPFL(])

CALL BLOCK{XMDOTCsTRCHARSGAS»SLOPsHCONVINSL ) oFLOWIN»L 1 PHTY
REFCTR=1.

PSI=PHI®F(NsL)*#66325%0:5%8 (1 E4/TWALL (N1 ))

EROCI1)=-3,672 ~
FROC(2)743347 :

IF (PSlelTe3e3) GO TO 64600

1F (PS14GTe940) GO TO 4559

EROC(1)=~4422915

ERNC(2)= 1434309

GO T0 460C

FROC(1)=2=-9,0465%5

EROCI2)=6:.3%877

PSI=ALOGIC(PSI+1.E~15)

ERODE = EROC(1)*PSI*(EROC(Z)*PSI’(EROC(3)4PSI“EROC(4)!)
ERODE={204/1625)%10,*#ERODE .

JRSW=NRSW (MG}

GO TO (269649269592694) s JRSW

CONTINUF

SDOTN={ ~XMDOTC~ERODE) 7/ (RHOC+RHO2 (NOF-13)1%12,

GO 10 2692

EDOTN={-XMDOTC-ERODE ) 7 (CARBN] (NOF ~ 1)*SILCAI(NC"I)*GRAFIINOF 1
1#12.

CONTINUF

SDN = SDOTN®{ITAU/2.

SN = SN1+SDN

CHFZ¢ SI2F OF FRONT NODE AND ADJUST D1AUs IF

NECESSARY TO PREVENT TIME LTEP BEINC TOO LARGE

IF (SN+SONV 2265.+22710,22710
DTF = =SN1/{2«*5SDN)
NCUT = 2

CHNO5510
CHDO5%20
CHNN5530

CHDO554C -

CHD05550
CHDO5560
CHDOS5570
CHD95580
CHDO5590
CHD05600
CHDOS5610
£HD05620
CHDO3A30
~HD05647
CHDUYS /AT
THDO G40
CHDOS865%

CHDO5560_
CHDC26 40

CHDNS650
THDO5690
CKDG57M0
CHNT 3710
CHNS720
CH"157130
CHD . 5740
CHC 5750

© CHNN5760

CHDN5TTO
CHDOS5740
CHDOST7%0
CHDO05800
“HDOS5R10
cHNO. 820
CHDO5830
CHD35840
CHDO5850

cNN05860 .
CHDOS5870

CHDC5880
CHDO58%0
CHDO5900

" CHDOS?10 -

CHD05920
CHDO05930
CHDO5940

CHDO5950

{HN059690
CHPO5970
CHD0OS980
CHD25990
CHDQ6000
CHDO60) 2
CHDO60:0

“CHDO6030

e

t

[
4
!




22710

Cruss

2696
Crauns

Crunn

12696

(sens
Cruny

Gn TC 3296
CONTINUE

TEMPA3(1) = 052 (TEMPAL(1)+TEMPASI(1)])
CALCUL ATE DELTAX

vQ 2696 J=1YSsMNOD
PELYAX(J) = DELTX(JI#SN

ENTRAKCE HERE FROM 3225+ FOR CALC OF NEXT GROUP
GROUSF INITIALIZATION

JBS = I16S(IG)
JBSM = JBS-1
JLSW = NLSW(IG)
JRSW = NRSWI{IG)
JE1 = N¢ i2H(1G)
JE = T«
JE2 = 1,1
"ND1 = NBND1(1G)-3
v,%D2 = WRND2(IG)

6L = IG-1
JBF = [RF(IG)
JBEM = BE-)

JCSH = NCSN(16G)
JCEN = -NCENC(IG)
JCENK = JCEN-1

IGC = IGTYP(IG)
JHDN = NHDN{IGC)
JSLAR = KSLAB(1G)
JBSPM = [BSPN+JCSN
JRSPN = JRSPM-1

TWO = SDN/{24Z2N)
WFXX = WFX
FHTXX ‘= FHTX
CONDXX = CONDX
JBXX = JUBX
PCXX = PCX
EDFXX2EDFX
WFDOXX=WFDX
WDOEPXX=2WDEFX
WSIXX =2WSIX
WBRNX X=WBRNX
DE~XX=DEPX
DWFDXX=DWFD)

SETUP OF NADD ARRAY (NUMRFR OF
MAJOR NORFES OF SAMF MATFRIAL AND WINTHY

JX =
Iy = JCSw
1Z = JCENM~1

CHDO604O
CHNPNK0SO
CHDO6D60
CHDO06070
CHD06080
CHDO6090
CHDO6100
CHDO6110
CHNO6120
CHDO6130
CHDO6140
CHDO6150
CHD06160
CHDO6170
CHDO06180
CHDO06190
CHDO6200
CHN06210
CHD06220
CHD067230
CHD06240
CHD06250
CHD0E250
CHNG6270
CHN0628C
CHDO06290
CHD06300
CHD06310
CHD067220
ChD06330
CHNO6340
CHNO6350
CHD06360
CHR06370
CHD06380
CHD063%0
CHD06400
CHDO06410
CHNO6420
CHD06430
CHNO644LO
CHDO06450
CHDO6460
ChDO64T0
CHDO6480
CHDO640
CHD06503
C(HD06507
CHDG6510
CHDO6520
CHDO6530
CHDO6540
CHD0655C
CHD0&560
(HD065T0

11




12697
2697

2698
2699
2700

2701

27902

Comea

27013

2704
2705
2706

2707
2708

Connn

Cruan

2710

2711

2712

2716

2716

Couns

2720

112

NADD( UX) =1

Ix = 1Y

Iy = IXe)

IF §{IX-12) 26984+2698+2702

IF (DELTAX(IY}=DELTAX(IX)) 270152699+2701
IF (MAT(IY)=-MAT(]X)) 270122700,270)

NADD (X)) = NADD{ gx) 4}

GO TO 2697

JX = X4}

GO TO 12697

GO TO {(2708+2703) 9 JLSW
CALCULATION OF THE LANDAU MULTIPLYING FACTOR

CONTINUF

KK = 0

DO 2707 J=JCSNeJCFEN

KK = KK+]

I = KK

EMI(KK) = TWORDISTL(J)/DELTX(Y)
§F (J=JCEN) 2704+270792707

K = 2

IF (K=JHDN) 27064+270602707
FMI(KK+1) = EMI(KK}4+TWO

KX = KK+1

K = X+1

GO TO 2705

EMI(I* = TWOR2.#DISTLIU/{DELTX{JI4+DELTX ! U1
CONTINUE ’

ENTRANCE HERE FROM 332%+ FOR RECALC OF FRONT GROUP
CALCULATE TEMPA3 AND TEMPA4

DO 2711 J=240fF

K = JBSM+)

TEMPA3( !} = OeS5*({TEMPAI(K)*TEMPAS(K))
TEMPAL(J=-1) = QeSH{TEMPA3(J)4TEMPAZ( J=~1))
TEMPAG(JF) = TEMPA3(JE)

NSTILL=1

GO TO (2791427122714 9JR5W

1=MAT( JCSK)

IF (RHD1(JBS)=e01) 2791427919271
CONTINUF

NSTILL=2

GO TO (275042716) 0 JLSW

CONTINUE

CALCULATION OF DFNSITY FOR LANDAU GROUP

K =0

‘KL = JRSM

1 =MAT(JCSN)
KK = JBSPM+J¢LAB
K = x+]

CHDO6580
CHD0O6590
CHD06600
CHDO6610
CHD06620
CHD06630
CHDD6640
CHD06650
CHDO6660
CHNO66T0
CHNO6680
CHD06590
CHDO6700
CHDO6T10
CHDO®720
CHNO6730
CHDO6740
CHDO6TSO
CHDO6760
CHD06770
CHDO&TB0
CHDG6790
CHD06800
CHDO6810
CHPO6R20
CHDOAB830
CHDO684O
CHDO68S0
CHNO6860
CHDO687C
CHDO6BSO
CHDO06890
CHD06900
CHDO6910
CHD06920
CHD06930
CHDO06940
CHD06950
CHNO6960
CHD06970
CHDAEIBO
cHN06990
cHNOT7000
CHNOT7010
CHDO7020
CHDO7010
CHDOT7040
CHDVO 7050
CcHNOT060
CHDO7370
cHDOT7080
CcHNO70%90
CHDOT7100
CHDO7110
CHDO7120

WLPIOTNEPSUPRP SR ETRPS RI
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77N

KL = KL +)
CALL RHOSR (KoKL)
IF (K=1) 27204272002732
2732 IF (K-JE1) 2734+273%:2736
2732 RHOY(KL+1) = RHO](KK)
RHOS (KL+1): RHOS (KK)
2734 DIK) = (RHOL(XL41)-RHO1{KL=-1))#EMI(K)+RHO] (KL} #EMBMIK)+AREAC(K)
1#NT AU
GO 10 2720
2736 ONE = EMRM(X)=3.%#FM] (X))
Clx) = 4o%EMI(K)/ONE
DIK) = ((EMBMIK)+3%EM](K) )} #RHOI (KL ) ~(4 e #RHO1(KL -1}
1=RHNT (KL =-2) 1 8EMI (K} ¢AREACIK) #DTAU) /NNE
THREE = ~EMI(K)/ONE
K = K=1
TWN = EMBM(K)I+EMIIKI®CIK+])
C(K) = EMI(K)I#(]14+THRFF)/TWO
DIK) = (C(X)I4EMI(K)I#D(K+1))/TWO
2737 K = k-1
IF (K=1) 27400274G+2738
2738 ONE = EMBMIK)+C(K+]1)#EM](K)
C(K) = FEMI{X)/ONF
DIKY & (DIK)I+D(K+1)#FMI (K ) /ONF
GO 10 2737
2740 RHOS(JBS) = RHO1(JBSI+AREAC(1)#DTAU/EMBMI(T)
KL = JBS
D0 2742 K24 JEY
KL = KL+1
2742 RHOS(KL) = D(K)=C(K)I®#RHOS(%L=-1)
RHOS (KK) = DiJEY-C(JEI*RHOB (KL )-RHOS(KL~1)8THREE
GO T0 2774

Coawe CALCULATION OF DENSITY FOR REGULAR GROUP

2750 IX = 0O
K =0
KL = JBSM
KK = JBSPM
IM = JCSN
2760 IX = IX+1
1 = MAT(IM)
IM = IM4NADD(IX)
1J = JHDON#NADD(IX)
KK = KK+NADD(IX)
DO 2763 J=lslJ
K = K+l
KL = KL+l
IF (RHOL(KL)=¢O1#RHOVI(T)) 276192761¢2767
2761 RHO1(KL =0,
RHOS (KL 1=0,
GO TO 2763
2762 CONTINUE
CALL RHOSB{XsKL)
RHOS (KL ) sRHO1 (KL, ) +AREAC (K ) /EMBM(K ) #DTAU
2763 CONTINUE

CHNOT71130
FHPOT140
THDO7150
CHDO7160
CHDOT170
CHNOT180
CHDOT7190
CHDO7200
CHDNT210
CHNOT220
rHP07230
CHDO7240
CHDO7250
CHNOT72690
CHCO07270
CHNO07280
CHNOT290
CHNO 7300
CHDO7310
CHDOT7320
CHDOT7330
CHNOT7340
CHNA 7350
CHDO 7360
CHDOT7270
CHDOT7380
CHNO 7390
CHDO 7400
CHDOT416
CHDO7420
CHDO 7430
CHDO 7440
CHDOT450
CHDO7460
CHDOT7470
CHDG 7480
CHDO 7490
CHDO 7500
CHDO7%10
CHDO 7220
CHNQ TSN
CHNO T4 %
CHNOT%5%0
CHNO7%60
CHROT%70
CHDO 7580
CHDO T390
CHDO 7600
CHDOT610
CHNOT620
¢HDO 7610
CHNOT640
CHDQ 78650
CHDOT660
CHDO7670

173
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Kxk+1 CHDO7680

CALL RHCSBI(K¢KK) CHDO7690
RHOS{KK) = RHAY(2K)+ARFACIK) 7EMAMIK 1 DT AU CHDOT7700
KeK-) CHDOTT710
IF (IM=JCEN) 2760276412764 CHDOTT720
2764 CONTINUE CHPOTT730
c CHDOT7740
Cones CHECK TO SEE THAT RHOS5 1S GREATER THAN ZEROS CALCULATE CHDO7750
Ces®3 RHOY» RHOLs GAS FLOWo AND REACTION HFAT CHNOT7760
C CHNOTT70
2776 IX = 0 CHDOT780
K =0 CHDGTT990
1J=0 CHDO7800
1K= JHON CHDOT7610
Ky =+ JBcou CHPOT820
KL = JUSM CHDO7830
IM = JCSN CHDO7840
2775 IX =1xX+] CHNOTR50
1 = MAT(IM) CHDOT7860
1215+ JHDNENADD ( IX) : CHNOTART0
12775 KK = KK#) : CHNO7880
2776 K = K+l CHDOTAR90
KL e KL+} CHD07900
IF (RHOS(XL)=s01} 277702778,2778 CHDO7910
2777 RHIS(KL) = O, CHNGT920
2778 RHOA(K) = (RHOD(KL)4RHOS (XL /D0 CHRO7910
GO TO (1277992779) ¢ JLSW CHDOT7940
12779 WFP = (RHOL(KL) - RHOSIKL)}/DTAU CHDOT9%0
GO YO 2780 CHDO7960
. 2779 WFP > RATE(KL)®IRHO1(KL)I-RHOS (KL} I-AREACIK)  ~ CHDO7970
) 2780 WFD(KL)=sWFPeDELTAX(IM}#AREAVIK) /12, CHDO7980
: TEMPA © TEMPA3(K) CHDNT7990 ™
¥ TWO = HDA(S» 1)+ (HDA(T o114 (HDA(D o 1)+ (HDAI AT )+HOA (4o T) CHDOBN0O )
i TSTEMPA) ®TEMPA) #TEMPA) STFMPA CH. 08010
> IF (X=1) 2781+2781»2782 CHD0BO20
3 2781 ONE = 0,58WFDIKL) ) CHD080N30
: WFD (KL } sWFDX+ONE CHD0B04LO
: WF (KL) = WFX+ONE CHDOBOSO
FHT(K) = FHTX=ONE#T%0 CHD03060
GO YO 2781 CHCO8070
2782 RHO4(K=1) = (RHOY(K=1)+RHONIK)}/2, (HD0B8020
FHT(K) = =TWOSHFD(KL) CHN08090
WEIKLY s WFIKL-1)4WFD(KL) CHN03100
2783 IF (K-I1K) 2776+12783,12783 CHNOB8110
12763 CONTINUE CHDOB120
IK = IK+JHDN CHD08130
IF (K=1J) 1278492784+2784 CHD0O8140
12786 RHOS(KK) = RHOS(KL+1) CHN08150
IF {RHOS(KK)=¢01) 12785+2786+127R6 CHNO0A160
17785 RHOS(KK) = 0, CHD08170
12786 CONTINUF CHNOB136
GO TO 12775 CHD08190
2784 IF (RHOS(KK)=e01) 2785+27864+2786 CHD08200 ‘
2785 RKOS(KK) = O, CHP08210 :

2786 AHOAIKK) 3 'RHOY(KK)I+RHOBIKK)} /24 - CHD0B8?20 :




( RHOGIK) = (RHOYIK)I+RHOYEKK) ) /24 CHNO8?10

GO TO (12787¢27B7) 2 JLSW CHNO6240

12787 WFP = (RHO1(KK) - RHOS(KX))/DTAU CHDOB8250

GO 10 2788 CHD0B260

2787 WFP » RATE(KL+4])®(RHO1iKK)=RHOS (KK} )}=-AREAC{K+]) CHD0B8270

2788 ONE=WFPu0.52DELTAX{ IM)I®AREAVIK+1)/12. CHD08280

WFX = WF(XL)+ONE CHDO0329%0

WFOX3ONE CHD0B200

TFMPA s TEMPAZ2I(K41) rdn08310

TWO = HOA(SsT!+{HDA(T s )4 (HDA(2+ 1)1+ (HDA(3 oI )+HDA(G]} CHD08320

12 {FMPA)STCEMPAS*TFMPA)Y#TFMPA CHNO3330

FHTX = -ONE#TWO CHDO8340

IM = IM#NADDILIX) CHDVBA%O

1F (IM=JCENM) 277%,37"%,278¢ CHY08380

2789 WF{JBE) = WFX CHDOBATO

WFD( JBE ) =WFDX CHD08380

GO TO 3000 CHN08390

s C CHD0B8400
: 2791 DO 2793 JslyJE CHDO8410 )
v K = JBSM+y CHDO084 20 ~
B RHO3(J) = RHOS{K) CHDOB8430 :
2793 RHO&(J) = RHOS(K ] CHDOB440 -
' GO YO (279452797+3000) »JRSW CHDOB4SO {
. 2794 DO 2795 J=JRS»JBE CHD0B460 y
, WFD(J)=0, CHNOB4TO 3
: 279% WF(J) = O CHDNB4BO H
GO 10 3000 CHDOB490 £
2797 DO 27198 J=JBSeJBE CHD08500 i
WFD(J)=0, CHDO08510 i
‘ 2798 WF(J) s WFX CHNO08520 ¢
: ’ WFDUJRS ) sWFDX CHNO0B530 3
! ( . 3000 CONTINUF CHDO8540 3
: ) C CHDOB8S50 o
i Croes CALCULATION OF DEPOSITION AND OTHER REACTIONS CHDOB8SE0 %
; c i CHDO8S 70 3
3 DWFDXsDWFDX+e376 7% (WFX=-WFXX) CHPOBS7S §

r GO TO (4990:5000+4990) 9 JRSW CHDOB%80
. 4990 DO 499% J=JBS,JBE . . CHD0B590 %
! WBRNI( J) 0, CHD08600 E
i WS1(J)=0, CHDOB61D t
o YDEP( J) =0, CHNOBE?0 é
H £99% CONTINUF CHND8620 ;
i GO 7O 5110 CHDOB64O $

¢ 5000 CONTINUE CHD08650

£ KL=JBSM . CHD0B660

H DEL=0, CHDNBSTO

§ SAVEs 0, CHDGB680

% DELA = DFLTAX{JCEN) CHNO84A90

: DELTAX{JCEN) = G, : CHD0B8700

I e DO 5100 J=]14JF CHNOET10

KL=KL+1 CHDO8720

: TEMPASTEMPAZ(J) CKNOB730

; KsLLD(KL) CHDOB8740

WF (KL )sWF (KL ) +SAVE CHDOB8753

i DACT=DWFNX~-DEPX . CHDPOB 757




CALL SIC (Ke+KLoTEMPASDEL} CHDOB758

CALL DFPO (KeXLosTEMPANFLY rHNNBT60

DEPX=DEPX4]1¢33338WDEP(KL) CHDOBT80

ONE=DWFDX<DEPX CHNDB 78]

1F {ONEY 4090450929509 CHDOB878?

5090 WDFP(KLY=WDEP(KL )+, 75%0ONE CHNORT83

DEPX=OWFDX CHD0878¢

5092 CONTINUE CHDOB78S

HOWaWST (XL Y=WDEP (XL )+WRARPN({KL) CHNOBTRS

WFIrL ) eWF (KL ) +HOW CHDOBTET

SAVE=SAVE +HOW CHDOB788

DEL=NFLTAXI{K) CHNOBTBY

5100 CONTINUE , CHDOB8T90
GO 7O (8%108¢35101)9JLSW CHNOBBOD i

5101 CONTINUE CHD0BB10

Kz0 CHDOB8820

EF=2.5S5DN/5N1 CHDO0B330

DO 5102 J=JRS+JBEM CHDOBRA4D

Ks¥e] CHD08850

EKaK CHDOBB 6O

Ex=EXeEF CHDOB8BT0

SILCAS( J+3)1aSILCAS( U+ ) {]1e+ER)=-SILCASIJIOEXK CHDOB880

CARBN®1 J+1)1=CARBNS(J+)1 )18 {1+ +EX)=CARBNS( J) REK CHNOBRE )

8102 CONTINUF CHNOB900

5108 CONTINUF CHBOBAY0

DELTAX{JCENY s DELA CHDOB920

WOEP ( JBS ) sWDEP{ JBRS ) +WDEPX CHNOB9130

WSI(JBS) =WST(JBSI+WSIX CHDNBY94N

WBRN{ UBS ) sWRRN( JBS ) +WBRNX CHDOBO50

5110 CONTINUE CcHZJ8960

WOFPX=WNFP( JBE) ) CHNOB9Y O

WSIX =WS]{JRE) CHDOB8280

WORNXsWBRN( JBE) CHDOB990

WFX=WF ( JRE) CHDOS00D

%00 CONTINUE CHDN9010

C cHD09029

Chaay CALCULATION OF THERMAL CAPAC!YY.CONDUCT[VlTYoENERGY DEPOSITION CHDO9030

C CHDO9D4O0

IX = ¢ CHD09060

K =0 CHD09070

Xy w JBSPM CHNO9080

Kl - 1 CKD09090

IM = JCSN CHD09100

300% IX = (X+] CHDO91:0

I = MAT(IM) CHDO09120

1J = JHONINADD(IX) CHDO091130

KK = KK+NADDIIX) cHN091460

DO 3015 UslelJ CHDO091%9

K = K+l CHDO091460

PC(K) = PCAPFIK) CHNO91 70

EDFLUXEKISEDFLUXIKI#DELTAX(IM) /124 (RHOVII)+RHNCH CHDO9180

COND (X ) =CONDF (K} CHDO0919%90

1Y=JBS+K CHDO09200

QCCND(IY )22 #COND(K)I®{TEMPA{K+1)-TEMPAR(K)) CHDO%210

301% CONTINUF CHDO09220
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C

<
Lo
C
C
C
<
C

3031

L2 2 24

3040

3045
3vhb

3052

3056
3060

L2 22
(X 224
[ X 2.2 ]
[ X 21
L 22 1

3108

3110
3115

PCIkY) = (PCX+PC(KINVI/D
ERFLUXIK Y s (EDFXHENFLUX(KYIY /D,
X1 = x+1

ONF = RHNA(Kx1)

RHO? (K1) = RHO3I{KK)

PCXx = PCAPF(K])
EDFX=EDFLUXIK]Y i 2DELTAX(IM)/124#(RHOVI(T4PHOC)
RHO3(K]) = ONE

IM = [M4NADND{TIX)

IF (I¥=JCFN} 200%,3Nn31,20131

JBX = JASMIK

COANX = CONNiK)

CALCULATION OF MATRIX ELEMENTS

TEMPAL(JRSM) = TEMPAL (JUBXX)

J=0

CONNRI{J) = CONDXX

WF(JBSM)Y = WF(JBXX)

DO 3060 J=l,JE1

IX = J+¢JASM

IPLUS = IX+)

INFG = §X-1

CALL CPRA (JoIXsTEMPA3Z(J) CPRAR)

GAGC = -WF(INFG)®CPRAR/L,

GO TO (1046430451 yJLSW

GAGC = GAGC+PC(JI#EMI(J)

CtJ)r = GAGC+CONDI(J)

AlJ) = —GAGC+COND(J-1)

6K = AlJ)+CLI)

DUJY = CUIIBTEMPAY (IPLUSI+(PCIJ)I=GK)#TEMPAL(TX]
14A(JI*TEMPAL ( INEG 4 EDFLUXI D)

BlJ) s PClJIeGK

GO TO {2060+30%2+30864) ¢ JRSH

CONTINUF

Di{J)sD( JI+WDEP( IX)#QDEP+WST (1X)2QST+RARN( IX ) #OBRN
G0 TC (3060+3056) WNSTILL '
DIJY = DIJISFHT( D)

CONT INUE

NIRECTOR~~STARTING BOUNDARY OF GPNUP
1--(3115)1-=-FIXED YEMP [BOUNDARY FOR FROALFM START IN INTERIOR)
2--13120)--INTERIOR (NCRMAL TYPE FOR BOUNDARY BETWEEN GROUPS)
3~--(310%)==FLUX DRIVE (BACK SURFACE!
4=-=1311N)==TEMP DRIVE (BACK SURFACF!

GO TO (311%031200310%+2110)+JBND]}

DC1)=COND(TI®TEMPAL (UBS+1)14(PCI1)1-COND{1)I®TEMPAL(JBS)
ONE = PC{11+4COND( )

CC1JBS) » <=COND{1)/ONE

potJBsS) = C111/0NE

GO YO 3200

SBK = 2,#COND(Y)

CCULUBS) = O,

DD(JRS)Y = TEMPA2.JRS"

rHPB9210
CHNOS240
CHNN9250
CHN09260
CHPOI270
CHNNSZBD
CHNA9290
CHDNS300
FHNO9110
rHAN9320
rHN091330
CHNG9%40C
CHDO091350
CHDO09350
CHNO92T0
CHNO09180
CHD09390
CHDO94 00
CHDO94 40
CHNO09620
CHDO09430
CHDO09440
CHDO09450
CHNO9440
cHN09470
CHNN94BD

"CHD09490

CHR 09500
CHDO9510
cHDO09520
CHDO9%20
CHNO9%40
€HNO9550
CHNO9R KO
CHNO9%70
CHNOS95R0
CHEC09%90
CHB09600
CHDO09610
CHD09620
CHDN9630
CHDO09440
CRDO9650
CHDO9460
CHDO09&670
CHDO09680
CHDO09690 -
CHDO9790
CHDO9720
CHDO0S710
CHDO09740
CHN097%0
CHDO976C
CHDO9770
CHNO97RO

nz

RS

e i 00

T 2,




Crnan
3120

1200

21202

Connn
Cennn
Crass
Couns
Cones
Coruns

3210
3225

32490

[a¥aNa¥aNal

13239

13240

13241

118

GO TO 3700
INTERIOR BOUNDARY
ONE = BI]1+A{11%CC{JIRXX)
CC(JUBS) = ~C{1)/0ONE
DD(JBS) s (D(1)+A(1)#DD(JBXX))ONE
DO 3202 J=2+JE1
K = JRSM+J
ONE = BlJI+AL I #CCIK-1)
CCiKy = =C{JY/ONE
DDIKY = (D{AY+ALUIEND{K~-1)) /0ONF

DIRECTOR--ENDING BOCUNDARY OF GROUP
1-~(21240)~-FLUX DORIVE (FRONT SURF.CE)
2-~13260)-~-TEMP DRIVE (FRONT SURFACE)}
1--{3260)--NOT IN USE
4==-13225)- -FIXED TEMP (Q0UNDARY FOR PROBLEM END IN INTERIOR}
5--(322%)--INTERIOR (NOR::AL TYPE FOR BOUNDARY BETWEEN GROUPS)

GO TO (324003210+3260+3225+4225)9JBND2
TEMPAS INOF ) =FONEVITAU2 v ISAVE1 s TIME3 s TToNDOITS{ ) w1)
GO TO 3260

16 = 1G+}

TEMPA3(]) = TEMPA3!JE)

GO TO 12696

PCLUE)Y = PCX

EDFLUX{ JE ) =EDFX

CALL CPBA (JEWNOFoTFMPA3{JE) ,CPBAR)

GAGC s ~WFINOF-1)2CPBAR/&4e+PC JEI*EMI( JE)
IX = 1BSPM+JCENM

IM = JCERM

TEMPA4(JE) = TEMPA3(JE)

RHO4(JE} =  -i0311IX)

1 = MAT(JCENM)

COND{ JE Y =CONDF ( JE)
QCOND{NOF#I)tao'COND(JE)'(TEMPA!(JE)-TEMPAA JE1))
A{JE) s ~GAGC+CONDI(JE])

CLJEY = GAGC+COND(JE)

OK = A{JEI+CLIE)

B(JE) & PCIJE)+GK

GX = «25#(COND(JEI+COND(JEY))

CALCULATION OF FRONT SURFACE HEAT INPUTY

TEMPA = 0c5%({TEMPAL (NOF)+TEMPAS (NOF))

1 s MAT{NN)

Ix =1

CONT [NUF

KK=1BSPN+MNOD

IF (RHOY (KK ) =e98RRMOVIL )} 13240013261913241
ONE = ARS(C

TWO = EM]SC

GO TO 13242

ONF = ARSORPI(] i

CHDN9790
CHDOGACO
CHDO981H
CHNO0%820
CHDO%65C
CHDO9RLO
CHDO98S50
CHNO986D
CHNNSRTO
CHNPOSAARD
CHDNYR9O
CHNN9900
CHD09910
CHDO09%920
CHD0%9920
CHD0S940
CHN099%0
CHN09960
CHDG9970
CHD09980
CHDO09990
CHD10000
CHN10010
CHD10020
CHD10020C
CHD10040
CHN10050
C4D10060
CHD10070
CHD10080
CHD10090
CHD10100
CHD10110
CHD10120
CHD10130
CHN10140
CHD10150
CHD10160
CHD1V170
CHND10180
CHDj0190
CHD10200
CHD10210
CHD10220
CHD10230
CHD10240
CHND10250
CHD10260
rHN10270
CHu10280
CHE106290
CHN10400
CHD10%10
CHBYU320
CHD10940




13242

3241
3242

132413

12244

3246
3243
4247

3244
C
< X211
Coune
cl
C
C

13245
13246

3243

™o o EMIS(T )

OBYRAD=TWO®.4B81E-124TEMPARSEY

TIMF=TAU

CALL GPCOM

XMCOMaXMDOTL+XMDOTG# (DIFREC~14711Y)
IFiXMCOM)32419324293242

XMCOM=0,

QCOMR=zHCOM*XMCOM

QSURL =HSUB#XMDOTS
XIRINSL)=FONEVITAUL o+ ISAVEGs TIMEI+XRTIoNDOTS(3)01))
GMICC2FONEVITAUL » ISAVES s TIME3+QMUINDOTS(3)01)
HCONVINsL)=FONEV(TAUL s ISAVESs TIMEA+RHINDOTS(3)9])
Q70T = QMISC+QCOMB=CSUBL +QGPCOM

CALL SUBZ (ZWALL »TEMPASBLPRESINYL))

CALL IWR (ZWALL+TEMPAWX])

QCONVINsL} = HCONVINSLI®(XIRINSLY=-XT)

OTOTAL = QTOTH+ONE#QGASINSL)+PHI*OCONVINyL)-OBYRAD
OTOTAL=2QTOTAL #AREA{ JF)

GO TO (1326%413244)41X

CONT INUE

QSAVE = QTOTAL

TEMPA = TEMPA+10,

CALL RECFEDI(TEMPA)

1X=?

GO TO 13242

CONT I NUF

DR = -(GTOTAL-QSAVE)/10,

GZ = DQ/2s

GY = QSAVE+GZ#YEMPAS{NOF)

ONE = C(JF)/GX
DIJE)=(PC{JEY~GKINTEMPA] (NOF )} +GK*TEMPAL (NCF~1)+ONE*GY+EDFLUX{JE)
GO TO (324L+32464+324%3)+JRSW

GO TO (2247493243 4NSTILL

DIJEY = D(JE)+24%#FHTX

CONTINUE

DIJE)aD(JEI+2 ¢ #IWDEPINOF ) #QDEP+WE I (NOF ; #QST+WBRN{NOF ) *QBRN)
ONE = B{JE)+ONERGZ+GK*CC(NOF=1)

TEMPERATURE CHECK AND DETERMINATION OF DYRECTION
OF FURTHER CALCULATION

CALCULATION AND CHECK OF SURFACE TEMPERATURE

ABVALS = 0.

ABVALM = 0o

TEMPA = TEMPAS{NOF)

TEMPAS {NOF) 8 (D(JE'+GKaDDINOF=11)/0NE
ABVAL = \RS](TEMPAS(NOF)= EMPA)/TEMPA}
ETAS=AMINY(ETA240,4,/TEMPA)

IF (ABVAL=ABVALS! 1%246413246+1137248
ARVALS = ABVAL

CONTINUE

IF(ABVAL-ETAS)122600326003248

1ERR ~ 2 )

IF (TEMPAS(NOF})) 325G¢3260+3260 -

CHPY1034D
CHD10350
CHD103%%
CHD10360
CHD10370
CHD10380
CHN10390
CHD10400
CHNDIOLI1D
CHD10420
CHD10430
CHD1 0440
CHDI04GD
CHD10460
CHN104TO
CHD1048B0
CHD10490
CHN10800
rHN10%10
cHN10520
CHD10%3D
CHD10%40
CHN10550
CHN10%60
CHDiI 0570
CHD10580
CHD10%90
CHDP10600
€HDP10610
CHP10620
CHD10630
CHD10640
CHN10650
CHN10680
ZHD10g70
CHD10680
CHD10690
CHD1 0700
CHNI0710
CHN10720
CHD10730
CHD10740
CHD10750
CHD10780
CHD10720
CHD10800
CHD10A1O
CHN10.20
CHN10R30
LHD10840
CHD108%D
CHD10860
CHD1D870
CHDN104aB0
rD1089%0

!
]




I I

3274
327%
3276
27?

3278
C
Conan

C
3280

3282
32813

3284

17R%
1087

C
Conoe

120

YEMPASLMOF) = 10,

CALCuULATION AND CHECK OF TEMPERATURES
IeT 3 IG2
GASTWFX

DGuS2 (GAS-GASYT )} /DTAUX

DO 2265 1«12 JE1

J =z IBE(1G)~1

K = )4}

TFMPA = TFMPAS(J)

TEMPAR( ) = DDIUI=-CCULUIRTEMPAR(K)
ARVAL = ABS{(TEMPAS{J)~=TEMPA)/TEMPA)
IF (ABVA[ -ABVALS) 13262+13262913261
ApyALS = AAVAL

7 “ONTINUE

GO TO (3262¢3265)21ERR
CONT [NUF

IF (ARVAL -ETA) 3265+3265432613
‘FRR = ?

1F (TEMPAS(J)) 526449326543265
TEMPAS(J) = 10

CONTINUF

1F (1G=MG) 32671+32661+3266
ABVALM = ABVALS

ABVALS = O,

CONTINUF

GO TO (327043274) sNXSW
NXSW = 2

IX = )

GO TO (327443375312 1ERR

IF (1G=1G7) 3275+32754+3277
IF (1GL) 3278,3278+2276
16T = 1

Ix = IBF(IGL)

JBS = IBS(1G)

TEMPAS(IX) = TEMPAS (JURS)
1G = 1GL

IGL = {GL~}

JE1 = NSLABHIIG)

GO TO 3261 '

GO TO (328003290} 1FRR

NO ERROR IN TEMFERATURCS««DETSRM/JE NEW TIME STEP

ONE = ETA®DTAU

IF (1TER~2) 3282932853287

IF (ARVALM=-141%ABVALS) 3282432843284
DTAUC = 0eBORONE/ABVALS

GO 1O 3400

DYAUC = 14D%ONE/(ABVALMe1E~G)

GO YGC 3400

C . AUCaONE/AMAX] (ABVA! 5 9ABVALMe 1 E=p)
DTAUC & D480#DTAUC

GO YO 3400

ERROR IN TEMPERAYTURES~-REITERATE OR CUT TIME STEP

CHN10n00
CHD10910
CHN10920
CHD10933
CHD109137
CHD10928
CHD] 0040
CHP10950
rHP10960
rHNn10970
10980
CHD10990
CHD11000
CHD1101C
CHD11020
CHD11030
CHN11040
CHDY10%0
CHD11060
CHD11070
CHD11080
Cr11090
CHD11100
CHD11110
CHD11120
CHDI113C
CHD11140
CHD11150
CHD11160
CHD11170
CHN111R0
CHD11190
CHD11200
CHD11210
CHN11220
CHD112390
CHD11240
CHD1125%0
CHD11240
CHMD11270
CHD11230
CHD11290
CHD11400
CHD11310
cHbY 1320
CHD11330
Crss 11940
CHD . 13%0
CHP119690
CHD11370
CHD1 1380
CHD11390
CHD1 1400
CHD11410
CHD1)420

|
]
!
i
]
!
!
i
!




N Cenan xND RFSTART ON CALCULATION CHNP11430

¢ CHNY1440
3290 CONTINUF CHN11450
1F (1TER=3) 337043295,4329% CHN11430
329% DTF =« ETA/AMAX] (ABVALSsABVALM) CHD11470
IF (DTF=oB) 13295413297+13298 €HD11480
1329% DIF = 428 {HD11490
GO O 13297 CHD11500C
13296 DTF =2 0,% CHP11510
13297 CONTINUF CHN118%20
c CHD11520
Connn RESEYT OF DTAUWPREDICTED TEMPERATURESs AND PREDICTED DENSITIES CHD11540
c . CHD 1880
3296 CONTINUF CHD11560
ONE = DYF#DTAU cHN11870
*wh = DTAU-ONE CHD11580
TAU? = TAU2-TWO CHD11590
PTA = ONF CHP11¢90
T,UX 3 DYAUX=TWD/ 2, CHD11610
DTAUC = NTAU CHN11620 -
i 3340 DO 3360 [314MG CHD11630 :
J8s = [BsSth) CHD11640 3
JBE = [BE(]) CHD11650 :
DO 3350 J=JB5sJBE CHD11560 f
TEMPAD(J) = TEMPAYUIJY4DTFH(TEMPi 2(J}=-TEMPAL(J)) CHN11670 i
1480 TEMPAS(JY) = TEMPA2(J) CHD116A0 H
IF (NRSW(1)=3) 33€6053755,3360 CHD11690 §
13155 DO 7356 J=JRSsJBF CHD1) 700 .
' RHO2(J) = RHOJ{J)I+DTF#(RHO2(J)~RHO1(J)) CHD11710 :
: - 33%6 RHOB(J) = R.,02(J) CMM11720 3
: ( JBS = IBSPM+NCSN{1G) . ChP11730 }
‘ JBF = JBS+NSLAB(1G) -} CHD11740 :
: DO 3357 JsJURS+JBE CHD11750 ;
4 RHO2(J) = RHOL(J)+DTF#{RHO2{J)=RHO1(J)) CHD11760 ;
t 3957 RHOS(J) = RFO2{J) CHD11770
: 3360 CONTINUF CHD11780
b GO TO 2690 ’ CHD1 1790
: 31370 161 CHD11800
5 IXx = 2 ) CHC11810
§ 3375 1ERR=] ) CHD1182¢
i ITER = [TER+1 cHD11830
.g ITERT = ITERT4Y CHD11840
. GO TO (339%:.8683)s1X ChD11a580
¢ 3395 CONTINUE CHD11860
i JBS = IBS(MG) : CHD11,70
g - TEMPA3LL) » 048 ®(TEMPAL(JBS)HTEMPAS {JRS)) , CHD114880
‘ WFX = WFXX CHD11890
; FHTX = FHTXX : CHD11900
: CONDX = CONDXX . CHD11910
v JRX = JRXX CHD11920
: PCX » PCXX CHD1191%0
g ENFX=EDFXX 4 ‘ CHD11940
WFDX#WFDXX : . CHD119%9
NDEPXsWDFPXX T CHD11%60

WSIX #WSIXX ' CHD11970




o

L wmA
P R U SO

N

CHuan

3400

Cenns

3424
3426

3427

3428

WBRNX=WRRNXX
DEPX=DEPXX
OWFDX=DWFDXX
GO 10 2710
NEW TIME STEP
CONTINUE
SETTING OF TIMES AND DELTA TIMES

DTAUS = DTAU

POTIMD = NOTIME+Y
CONTIRUE

UTAU = DTAUC

IF (TAU2+41.1#DTAU=TAUOUT) 3500+3427+3427
TAU?S=1,0000001#TAU?

IF {TAU?2S=-TAUOUT) 1342833430,3430

DTAU = TAUOUT=TAU?2

- GO TO 3500

3430
3432

C
Caenn

C

TAUZ = TAUOUT

NPTSW = 2

TAUSUT = TAUZ+COMMAX

60 10 3424

CONT INUF

TAUY = TAU2

TAUZ = TAU24DTAL

DTAUX = 045%(DTAU+DTAUS)

CHD11980
CHP11993
CHD11997
CHD11998
CHD12000
CHP12010
CHN12020

- CHD12.30
" CMD12040

CHD120%0
CHD12060

CHR1207,
CHD12089 -

THD12090
CHD12100

. CHD12110

‘CHD12120
CHDY2130
CHD12140
CHN12150
CH ¥ 2160
CHD1Z217¢
CHD12180
THD1219)

CHD12200

crb12210
~+p12220
{HH12230
Cr:D1 2240

CALCULATION OF SURFACE DISTANCE AT J AND SETTIRA OF GS AT J=1/2CHD12250

SN1 = SN+SDN

, GAS1 = GAS

C
Ceunse
Conen
C

2180%

13508

3806,

1807
3508

38909

PREDICTIONS OF TEMPERATURES AND DENSEITIRS FOR NEXT éTEP.

PLACEMENT OF VALUES INTO BASIC NODES

DO 3505 J=1,2

TAUST (J) = TAUST(J+1)

TEMPST(J) - TEMPST({J+1)

DIRIJ: = DTRUJ+1) -

TAUST(3) = TAUL

TEMPST(3) © TEMPAS(NOF)
lFiTAUST(3)-1.CullTAUSTll‘i3509t3909.135QB
CONTINVE

PTR(3) = TENPAS(NO®)=TEMPAY (NOF))/DLAUS
IF (DTRI3)=DTRZ)}Y 2506-350943507

IF (DTR(2)DTRI1)) 3809330941508

IF (OTR(21-DTR(1)) 9508+,350942%99
(OMTINUE

YEMPST(Y,; = (TEMPST!”ltTEMPbT(S)#(TENPS’(BD-TEMPSYQX))
IB(TAUST3) - AUSTL2) 7 CTAUST (3 )aTR1STLEY)) M2,

TEMPASINOF) = TEMPST(3)
DTR{3) a (T;MPA!!NBF!nTEMPAl(NOFt)IDTAUS'
CONT INUE

2

HDY22860
c. 2270
CHD 2280
CHD12290

CHD12300 -

£Hr12310
CHD12320
CHD122%D
CHD12329
CHD12350
<.4N12360
CHB12370
CHD!2300

‘CHD12390
CHO1 2400 -
CHD12410

CHDl2a20
CHD1243¢
CHDI2440
CHDI 2450

CHD12460
T CHLIATY .

CHD1 2480
CHO1Z* 90

~CHD1IZ% 3O,

-

-7 .

-.’Q:W\ Y e
e PN




JRP

23501

23504
2350%

3510

13510

13511
13512

3511

3514
1815

3516
3517

JRF=]

DO 2315086 1G6e} MG
JBS=IBS(1G)

JBEX= JRE

J8F=1RE{1G)

JBEM=JBE-~]

QCONT (JBS )Y =QCORD L JRFX )
KeNCSNUIG) =)
IFIIGTYPI1GY12350502350%:235%0)
DO 23404 =z JB3sJAEM, JHDN
K=K+1

QCOND (K 1 =QCOND( J)

QCOND{ USEX)=QCOND(JUBS)
QCOND (NOF } 2QCOND(NOF+1)
OCOND {MNOD ) *QCOND (NOF )
QCOND (1) =QBACK
JBS=IRSI(1])
QCOND{ JBS ) =QBACK

TWO = DTAU/DTAUS

ONE = 1.+4TWO

JBE = 0

DO 3526 1G=19MG

JBS = IBS(IG)

IF (JRS-JUBE) 13511:13510,135%11
KX = JBS+}

GO 10 13512

KK = JUBS

CONTINUF

JBE = [BELIG)

JBEM = JRE-1,

DO 3%11 J=KK JBE
SILCALLY)Y=STILCAS (U}
CARAN1(J)=CARRNS ( J)
GRAF1(J)=GRAFS(J)
TEMPA2({J) = ONE®#TEMPASL{J)I=-TWORTFMPAL(J)
TEMPALLY) = TEMPASLY))
TEMPAS(U) = TEMPA2(J)

IX = 1GTYP{IG)

IR UIX) 3317035179394

JHDN = NHDN(IX)

JCSN = NCSNUIG)

JCSNM = JCSN-}

K = JCSNM

JCEN = NCEN(IG)

DO 3516 J=JRSsJBEMs JHON
K = K+l

WFD (K)=WFD (J)
SILCAL{K)2STILCALLY])
CARRN] (K )=CARBN]i(J)
GRAF1 (K} 2GRAF]1(J)
TEMPAL(K) = TEMPAL( !}
WEI(K} = WFLY)

TEMPA2(K) s TEMPAZ(J)
TEMPAS(K) = TEMPA2(J)
IF (NRSW(IG)=2) 3526+3518+2818

cHN12%10
CHD12%20
CHD125%0
CHD12540
CHRE12%50
CHD12%80
CHN12%T70Q
CHD12%80
CHD125%0
CHN12600
CHDI2610
CHN12620
cHD126%0
CHD12640
CHD12650
CHD12660
CHD12670
CHD12680
CHD12690
CMD12790
7HD12710
CHD12720
CHD12730
CHD12740
CHD1275%0
CHD12780
CHD12770
CKD12780
CHD1279Q
CHD12800
CHD12810
CHD12820
CHN12830
CHN] 2840
CHN1285%0
CHD12860
CKD12870
CHD12A80
€HD12890
CHN12000
H¥N12910
CHNY12320
CHD12%30
CKD12940
CHD12950
CHD12960
CHD12970
CHD12980
CHN12990
CHNi 3000
cHD13010
CHD13020
CHD13030
CHD13040
CHN130%0

123

Y BN

IR T RN MV

kb Aume s

YUMo adebie i

pr)




3%2%

315826

13525

13826
14000

14001

13527

124

CONTINUF
Ix = 1
DO 1523 JrJRS+JBEM

RHO2(J) = ONE®RMOS{ j)~-TWOPRHOY{J}

IF (RHO21J)) 352103522+3522
RKO2(J) = O,

RHO1(J) = RHMOS(J)

RHO&(J) = RHO2(J)

GO TO {1524+3526)91X

Y = {CGNM

DO 1525 J2JAS JREMIJHDN

K = K&

RHOI{K) = RMO1{J)

RHO2(K) = KMO2(J)

RHOS(X) = RHOS(J)

JBS = JCSN+IBSPM

JBREM = CEN+I1BSPN

Ix = 2

GO TO 3520

CONT INUE

WFD (MNOD)I=WFD (NOF)
WDEP{MNOD ) swDEP I NOF )

WSt (MNONI2WS] (NOF)
WERN(MNOD ) =WBRN (NOF)

WDEP (NI 1 =WDEF {NOF~&)

W51 (NN)2WSI (NOF-&a)

WBRN (NN ) =WBRN(NOF~-&)
TFMPAL (MNOD) = TEMPAL (KOF}
TEMPA2 (MNOD) = TEMPA2(NOF)
TEMPAS IMROD} 4 TEMPASINOF)
GRAF Y (MNOD) 2GRAF 1 (NOF}
SILCAL (MNOD)I=SILCAL (NCF)
CARRN1 {MNOD) =CARBN] (NOF)
WEIMNAD) = WFINOF)

GO TO $19529413525)4NPTSW
CONT INUE

NPI3W = ]

DO 135268 J=19153

DDLJ) = RHOS(J)

CCLS) = RHOS(J4+152)

CONT INUF

NO 14000 J=1,203

RHOS (S5 =RHOS ()1 +SILCAL (J)+CARBN] (J)+GRAF{J)

DO 164001 J=209%+305

RHOS ( J)2RHOS (J)1+SILCAL1(J=203)+CARBN]{J~202)4GRAF1{J=203)

RHOS (1BSPM) = O

NRDIV = NHDN(1}

NRGO = NZSNI(1)

NREND = NZEM(1)

TWALL (NsL ) = TEMPA1(INOF)

XLEFTIMNOD) = SNI+XLEFT(1YS)

RETURN

CONT INVE

00 13928 J=1+153
RKO%(J) = DD(J)

rHN1 30860
CHP13070
CHN13080
CHD13090
CxD13100
cMD13110
CHD13120
CHD1313%0
rMN13140
CHMD131%0
CHN1 3160
CHD13170
CHD13188
CHD13190
CHD13200
CHD13210
CHD1 3220
CHN13230
CHD13240
CHDY32%0
CHN13260
CHD13270
CHN13280
CHD13290
CHN1231200
CHN13319
CHD013320
CMN13330
€HD13340
CHD13359)
CHD13360
CHN13370
CHN13380
CHN133990
CHD1%6400
CHD13410
CHD12420
CHD13430
CHD13440
CHN1345%0
rHN1 3460
CHN12470
CHD1%480
CHD13490
CHD12500
CHD13510C
CHD13%20
CHN13520
CHN13%40
CHD1%8%0
CHN13%60
CHD13%70
CHD1 3580
CHD13490
CHD13600

e,
.



13328
15529

Cenas
13330

131531
23529

Cenus

23%27
23523

3821
3328
3930

3531
3532

12522

RMOS( J~182) s CCLY)
CONTINUE

FRONT CONTROL

1F (SN1-SCHECK) 13530013530,13531
CONTINUF

CALY FPONT

HMARK = 2

CONT iINUF

IF (NJONC-1) 25687,21%52%42687

CONT INUF

CHECK LOCATION OF REACTION ?ONE

IGR = 1Z2G(NRZON,1)

JX = IZGTINRICN)

IGRL * 172G{NRZON+JX)

16 = IGRL

JHDN 2 NHMDN(NRZOH)

IM « NCSNIUIGR)

1 = MAT( M}

JBS = [B8SLIGR)

JBE = IARF(IGR)

JBEM 2z JRE~-1

JHDN]1 = JHNNel

IF (RHOT{JBS)=e03%RHOVIII) 23327+23827+23528
IN1 = JBS=1

G0 TC 35120

CONT INUE

KL =0

DO 3528 J=2JURS+JBEM

1™ s (KL/JHDNI+NCSNUIGRY

KL = KLe)

1 = MAT(IM)

1F (ABS(RHO1(J)-RHOVII)i=o09#RHOVI1 ) 3284352743527
IN1 = J=]

GO TO 3530

CONTINUE

IN: * JRFH

JBS = 1BS(IG)Y

JBE = IBE(1G)

JBEM = JBE-1

K = JHE

KL = JHON

DO 1532 JnJBSeJIEM

K = K=

IM & NCEN{IG)=XL/JHDN

KL = KL+l

IF (RHOT (K = 1SRRNAVITLY 45424353228 7)
1M2 = K

GO T0 3834

CONTIRUF

IF (1G=1GR) 13%33,19523,:3%32
16 = 1G6-1

€KD13610
€HD13620
€HD13630
CHD13640
CHD136%0
THD136£0
{HD13670
£HD13680
CHN135%0
cunN13700
CHD13710
cuN13720
THD13730
CHN13740
CHD137%0
CHD137560
CHD13770
CHD13780
CHD13790
CHD 13800
CHN3i3810
CHHY13820
CHN13830
CHD13840
CHD1385%0
CHN13860
CHD13870
CHD13880
CHD13890
CHD13900
CHD13910
CHD13920
C+'113930
CHD13940
CcHD13950
CHD13960
CMD13970
CHD13980
112990
(AD14000
CHP14010
CHD14020
CHD14030
CHN16040
CHB14050
CHD14060 |
CHD14070
¢Hn1£060
CHD140%0
CH1 4100
cHD14110
"HD14120
CHD14130

- CHD14140

CHD164150
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GO 10 3810

13833 CONTINUE

IN2 = JBS-]

c
Crens ZONE SHIFT

C

1834 IF(XLEFTIMNODI~-XSAVE} 3536 231536 #3574
3536 WRITE(6+100)TIME

CHD14160
CHN14170
CHD14180
CHD14190
CHD14200
CHD14210
CHD16220
CHD16230

Rokiad ¥
e

100 FORMATUIH //77/7741X36HALL VIRGIN MATERIAL HAS BEEN ABLATED///52X15CHD14240

1HCASE TFRMINATED///S1XTHTIMF = F10,4)
CALL EXIT
1534 J=NZEN(NRZON)-RCEN{MG)
JBFM = IRE({IGRL)-1
IF (JDEM=INZ) 353%9353543542
2535 1F (J+1) 3540+353893545
3538 NLZON = NLZON-1
1840 CALL SMIFT1 (NRZONsLRTe1)
MARK = 2
GO TO 3545
1542 iF (JBEM=IN2=oJHDN=~1) 35459354203543
3543 CALL SHIFT1 (NRIZON#LRTo~1)}
MARK = 2
iF (J) 3545,35646493544
38544 CONTINUVE
12GT(2) = 1
126102411 = MG+
1IGTYP(MG+2) = ]
IBE(MG+13 = [2B(2)
iBS(MG+2} = IBE(MGI-NHDNI(L)
NCSN(MG+2).* NCENIMG)~1]
NZENINRZON41) = NCSNIMGH2)
NZENINRZION+S) = NCSNIMG+2)
CALL SHIFT1 (NRZON+1sLRT»1)
MARK = 2
NL2ON = NLZIONe+1

31545 IF {(NZEN(NRION)~NZSN!NRZON)+1)#IHDON=68) 226613554 93854

3546 JBS = IBS(IGT)

IF LIN1=JBS=1) 3550355003554
3550 [F (NZSN(NRZON)=1) 35560+3556+3552
3592 CALL SHIFT1 (NRZONsLFTs-1)

MARK = 2

GO TO 38%¢
3854 IF (IN1=-UBS=-JHDN=1) 2556+3556435%5
3555 CALL SHIFT1 (NRZON+LFTs1)

MARK = 2
3556 CALL SHIFTZ

IF (NZEN(NRZON)~-NZSN{NRZON),3988,3557+3%58

3557 NZONC = 2
NRIDC = 2
GO TO 2600
3558 CONTINUF
GO TO (1268792600} ¢MARK
END
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CHP14250
CHD14260
CHD14280
CHD14290
CHD14300
CHD14310
£HD14320
CHD14330
CHN14340
CHD14350
CHD14360
CHD14370
CHD14380
CHD141390
CHD14400
CHD14410
CHP14420
CHD14430
CHD1£64D
CHD1445U
CHD14460
CHD144T0 _
CtiD14480 )
CHN14490 :
CHN14%00
CHD14510
CHD14520
CHD14530
CHD146%40
CHD14%50
CHD14860
CHD14570
CHD14%80
CHN14%90
CHD14600
CHD14610
CHD14620
CHD14630
CHD14640

 CHD14650
CHD14660
CHD14670
CHD14680
CHD14690
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- FOR

Couns

COMRINCAMR] R
cpHaRNUTINFE £OMP TN
THE ¢OMBIN SUPRNUTINFE CoMBINES 2 mA )N NADFS INTNH 1,
TMENSTINAN ASTARE (201 BSTOBRLC 120 CCSTOARPE(D2N),

11 LTORFA{DPC ) sRSIOPFI20)4G5STORFE(2M)

DIMENSION UHOLD. 201 s WHOLDI2G) swHOIDI20) o XHNL D 20)

NIVMENSIAN NHRN{3), PHOL{ 0K

DIvENSIAM DELTAXIT)Y . TFMPAY (Y

DIMENSION PETOARFIIN) 4QCTORE( 20}

DIMENSICN USTOREIZ20) sVSTORE(20)yWSTNRE(20)

COMMNRK /RLOCKA/
1ABSORP (301 yABSC +ACTENC s ACTEMS cACTENVI(Ls* ™
2RSTAR 1 CCPT L) 1COCDGLGY sCHARDTLIDT ) sCKT(4)
ACOEFT{4410) +CONDC +CANDV 100!} s LNMNSTLL10)Y HCOVERXIIOM
4CPRAR s CPC CPVI100) 'DIFPEC CUMATFR(1N)
SEFCOLC 2yEFCOLS sEFCOLVIGI0 sEMISIID) WEMICE
GHNEM( 10) sHCOM sHENWG sHS IR WATIOM)
TMATOMN sMATMNF sMN s NN s NPP
BNNSAVE sNROIV sNREND s NRGH sMNST
9PARTIN(101) 4PHI syQRYRAD +COMB PREXTR
106PCOM »QSUBL sRECPRO sREORBC yRPEORDS
2REORDVI4+10) yRHOBZ +RHOS (30%) sRPHOCPX{101) +RHOC
ARHOV(10) » SABL »SABLC e SNOT W1SDOTC
4SLOPE(L IO »TMELTL10Y 54 +T50(2n%) » TRCHAR
RWF 2 »WEL205]) s XCHAR o XINIT +XLEFT(I01)
GXMASS + XMDOTC »XMDOTD s XMDOTC s XMDOTL
TXMDOTR »XMDOTS ' XTOTAL WXVIRGI10Y)Y oXZOQF

COMMON/BILOCKC/
1BLPRES(20+11) »COMMAX +CUTOFF +Fi20911)
2FLOWI20411) sHCONVI(20+11)s1ERROR » JURCT 18
3N s NOSECH sQBACK 2NCONVIZ20911140GAS(20,4,11)
anNmM1sg s TIME s TPRINT sTWALLE20011) o XIWALLI2D911 )
5XIR(20411)

COMMAN /CHCNM/ DTAU, 1BE(10) IBS(101, {BSPN
1LIGTYP(10)s IHDN(&) LT 128(3), 12612410}
212G6T1a), JRSW NCSN{10) s NSHMLIA)Y NSHR (%),
AINZEN(3) NZSNt3)s RHO1{305)» RHCOZ2{30%5)s RHOY(H10)

Wl s TEMPAZ (20€) 3 TEMPA(L2) o TEMPALI(47) +TEMPAS(2NK),
& DELX(100)sCISTLL:N0)DUM  (50),1COM,

S1YSLFTaMGsMDUMINCENT 101 sNCUT sND (31 oNL

TSCHFCK
COMMON /NASCOM/ CHARROJAIRM,

ZONISNITNTY

FHRILTONR
(HP14T10
CHD14T70
FHN14730
rHN167640
FHRYLTIED
CHNYLTIRE
CHN1LTTN
CHN147R0
CHN14TQ0
CHD14800
CfHN14R10
CHNY4RID
£HN16830
“HNILBLD
rHNT 4450
FHN14BA0O
CHN14R70
CHND1488B0
rFHN14R9D)
FHN1 4900
CHD14910
rHh164620
CHD14020
CHD14940
CHN149%0
CHD16960
CHDi4070
CHD140980
rHNY140Q0
CHB15000
CHNIBNI0
CHN15020
CHN150120
CHN1%040
CHD150%0
CHD15N&0
CHN15070
CHD15080
CHN1%5090
CHN15100

1CARBN1(20%) oCARBAS{205) ¢ STLCAL1205):STLCAS(20%)+PYRO(205)sDEP(205)CHD15110
29HYD(205) 9 AERO1205) +AERN(20%) +BURN( 205 ) +WFDI1208)s WDEP(205) +WST(20CHN15120

35) oWBRAN(DO05 1 sEMWT (208 ) ¢PRGI205)
Lo TIMEXIBOI»TFT(50)INPTS

CHN1S120

CHN15140

5+POR(20%) sPERM1I 1205 ) +PERM2( 2051 VISC(205) +GCONIRNOTSHCARTSHSILTS CHDIB15C
6PORT+PERTIWPERT2,0COHID7 00 DCOPY 4DCNDLsDCNST o DCOCMIDCONICRXHICFXOCHD15160

TCFRPY o CFXDP o CFXSToCFXCMGCFY o DIFCO1205) 950X1205)

BsALLGASI?05) +GRAF1(205)
FQUIVALFMCE (THDN(2)oNHDNI1))
EQUIVALENCE (RHO3(10%)1RHOL()))

EQUIVALENCE (TEMPAL(1)sTST11)s(OELTAXI{1)+PARTIN(Y))

FQUIVALFNCE (MNODINNP)
SF = 1.

CHD151790
CHP151R0
CHN15190
CHB1%200

TeHP18210

CHN15220
CHR15210
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v = Na rHN157240

1x =N rHN15250
PSTORF{1) = O cHN15260
16 = MG~ rHp152170
a4 KMDN = JHMDN CHN1SP R0
KsT = J&t CHD1%290
J=NFENT T -1 rHN15300
ONF = DFLTAX(J1%CF ren1%1160
X = 1GTYPIIG) run1%2290
JHPN = NRDN{JX) rHn15430
JST = 1AF{IG)=-JHPN rHN15340
X = J&T-1 - CHD15350
JY = JHDN4IX CHD19360
€ RO 10 T=1.1Y CHD15370
K = K41 CHD15380
KX = KX4) cHN1%5290
UHOLD (KX ) =WFD (¥} CHD15400
VHOLP (KX ) =WDED(K) CHN1%5410
WHOLDIKX ) =WST (X)) CHN15420
XHOLD (X X ) =WRRN (X CHD1%40
USTORFIKX)=EMWT () CHD15440
VSTORF (XX 1=2zWF (K} CHN1%65%0
WSTORF{K X <GRAF I (X) FHN15460
ASTOARE (X)) = TEMPAY (X} FHN1 %470
ASTORE(KXY = TFMPAZ (K) CHN13480
CSTARE(rX) =2 TEMPAS(K) CHN15490
DSTORE{xX4+1) = DSTORE(XX )4ONF CHD19%00
PSYORFIrX)=31LCAT(K) cHN19510
OSTORF (XX )1=CARBNI {K) cAN15%20
RSTORF(XX} = RHO1IK) CHN15530
10 SSTIORF(KX) = RHOZ2(K) cHD15840
SF = EN1/SN CHN198%0

Ix = 1X+] CHD15%60 -~

16 = MG CHN15570 ¥

) GO TO (12412)01X CHN15580 -4
: 12 CONTINUE CHD15%90
. J = KsT CHD15600
4 1F (1COM=2) (4 »141+17 cHP15610
¥ 13 KST = JST CHD15620
¥ KHPN = JHDN CHN15630
P jo CONTINUF . cHN15640
g TEMPAY(KST) = TEMPAY(S § cHN1%68%0
o TEMPASIKST) = TEMRAD(J ) CHN15660
7 1EMPASIKST)Y = TEMPAS(J ) CHD15%870
i: SILCAT(KSTIsSILCAL () CHP15680
g' CARRN1(KST)=CARBNI(J) CHD1%690
K WFD (XST)=WFD () CHD1%5700
g WOFP(KSTY=WOFPL L) CHP15710
o WSl (xST)=wsl (J) CHN14720
£ WBRN(KST) =WBRN( J) CHD15730
& EMWT IKST)eEMWT (J) CHD15740
WF(XST)=WF L)) _CHD!S?SO
GRAF1IKSTI=GRAF1(J) cHN157860
AHO1(KSTY = RMOL1(J |} CHD15770
RHN2(KST) = RMO2(J) CHN15780
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23

10

X = 40000 aNCTORF(y XY /FINATIVYHDMY
1 n

L]

al
N
K

w N

1
DN 30 J=1 +KHDN

018 = Dilcalx

KX = ¥ST+J

ONF = DCINRF(r4+1)-NI1S

IF IONFY 21023477

K = K+

GO 1o 20

THRFF = DPSTORFIYr+11-NSTORE{K)

QNE - DONF/TMETE

TWO = (DIS=DSTORFE (k1)) /TKREE

WFD (KX )=ONFRUHOLD (¥ )+ TWORUHOLD (K~ 1)

WOFP (KX ) =ONFR*YHOLN(FX )1+ TWORVHAL N (K +1)

WST (X)) =ONFEWHOLN (K} +TWORWHOLD (K41}
WREM{¢X ) eONFAXHOLD (K 14 TWORXHOL D Iv+1)

EMWT (KX ) =ONFRUSTORE (X )4 TWORUSTNORE (K +1)
WFLKX)=NNF#YSTORE(K 14 TWNRVSTORE (k +1)
GRAF1(KX)=ONERWSTORE(K)+TWO#WSTORE (K41}
TEMPAL(KX) = ONE#ASTORE(K)+TWORASTORF (K41)
TEMPAD (KXY = ONEMBSTORE(K)I+TWORBSTARE (KX +1)
TEMPAB(KX) = ONFRCSTORF(K)+TWORCSTORF (K41)
CILFAYIEX ) =ONESFEC NOF(K)+TWNABDSTARF (Y41
CARANY (¥ X )eNNERCITNRE (X )4 TWNRIGTARF (¢ 4+1)
RHOY1(KX) = ONE#RSTORE(K)I+TWORRSTARE (K41 )
RHO2 (KX) = ONE#SSTORFIK)+TWNASSTORE (K+1)

K = [RSPN+NN

RHO1(KY = RHO1(K+1)

RHO2(X) = RHND2(K+1)

PFTURN

END

THMN15760
rHN15R00
rHN1%810
CHD1ISR20
CHD15830
CHN15840
rHNTS 40
FHNYISAGD
"HD15RTU
rHD15880
rKD15890
CHB15900
CHD15910
CHD 15920
CHN1 %020
CHN15940
rHNYI B8R0
CHD15960
CHN1IS5Q70
CHD15989
CHD15990
cHD16000
CHNI6010
CHN16020
THN16020
CHD16040
CHD160%0
CHD16060
CHN16070
CHN16089
CHN16090
CHN16100
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- FOR CONDF yCONDF

FUNCTION CONODF(X) CHN16110
Crans THE CONDF SUBROUTINFE CALCULATES HEAT CONDUCTIVITY CHD16120
DIMENSINN NHDN(3)y HOL(306) FHN16130
DIMENSION DFLTAX(1)s TEMPAS(Y! CHN16140
COMMON 781 OCKA/ {HD16150
1ABSORPL10) sABSC s ACTENC 2ACTENS sACTENVIL910)y CHD16160
2BSTAR s CCPCHLu) yCCPGI4) sCHARPTI(101) oCkCla) y CHD16170
ICOEFT(4+10) +CONDC sCOUM (100 sCORST(4910) »COVERX{I00) o CHP16180
4CPBAR ' CPC W CPVI100) sDIFREC sUMATER(10) » CHD16190
SEFCOLC 'EFCOLS 'EFCOLY (4010 9EMISI10) sEMISC » CHD16200
6HOFM(10) yHCOM »HCOMG sHSUB sMAT(100) » CHN16210
TMATOMN sMATMNE »MN *NN sNNP ¢ CHD16220
BNNSAVE sNRDIV +NREND INRGO INST » CHD16230
9PARTINI101) +PHI yGBYRAD ' QCOMB '0EXTR s €HD16240
10GPCOM »QSUBL sRECPRO sRECRDC »REORDS » CHD162%C
2REOKDV(4410) yRHO52 sRHO5(30%) yRHOCPX(101) »RHOC s CHD16260
IRHOVI(10) vSABL +SABLC »SCOT »SDOTC » CHN16270
4SLOPE(10) s TMELT(10) 2752 2 TS(208) s TRCHAR v CHD16280
SwF2 'WF(20%) » XCHAR s Fr sXLEFT(101) » CHN16290
6XMASS ' XMDOTC »XMDOTD 54 . 2 AMEOTL s CHD16300
TXMDOTR »XMDOTS ' XTOTAY ; 7t 9XZONE CHD16310
COMMON/BLOCKC/ CHD16320
1BLPRES(20+11) » COMMAX s : 2F(20991) s CHD18633D
2FLOW(20911) sHCONVI(20+11)+1ERROR \ - 'L v CHD16340
3N sNOSECH sOBACK Q. . Tl UGAS120911) 9 CHD16350
4OMISC »TIME »TPRINT sTWALL 1205111 o XIWALLE20911) 5 CHD16360
5XIR(20e11) CHD16%370
COMMOM /CHCOM/Z DTAU, IBE(10¢ I8S(10), 18SPN, CHD16380
11GTYP(10)s IHDN(4), M 128(3), 12Gi3910) 0 CHN16390
212G, JRSW, NCSN(10) NSHL(3) NSHR(3) CHD16400
AINZFNI2) NZSN(3) RHO1(20%)s RHO2(305)s RHO2{410) CHD16410
W1 sTEMDA2(205) s TEMPAL(4L2) s TEMPAL(42) »TEMPAS(20%) . CHD16420
& DELX(1001sDISTLL120)sDUM (1014 1COM, CHD16420
SIYSoLFToMGIMODUMINCEN(10) sMCUT sMD (37 sNLZONISNISNT » CHD16440
7SCHFCK CHN16450
COMMON /DACOM/ A(42), CHD16460
1ABVAL +ABVALMsABVALS»B(42) »Cl42) » . CCUL20%)9CONDI{&2) CHD16470
2CONDX oCONDXXe D(42) +DDiZ08)sDELTX(101) sDGASIDO CHD16480
IDTAUC 2OTAUS »DTAUX +DTFsDTRIZIsEDF XeEDFXX2EMI (42) CHD168490
LETALZETAS FHY(42) yFHTXoFHTXX s GAGC +GAST oGK sGX 9GY 9G2 s CHN165%00
SHOA{B 21012 IBSPMITERRIIGCHIGL s IGLDsIGRVYIGRL +1GT 9162 . CHD16510
SGIHYSyINEGH»INI o IN2sIP o IPLUS»ITERSITERToIX01Ys1Z 9 JsJBE CHD16%20
TJREM I JBF X 9 JBND 9 JBND2 9 JBS ¢ JBSM s JRSPM JBSPN 9y UBX 9 JBXX 9 JCEN » CHD16%30
BICENM 9 JCSNI JCSNVN 9 JE 9 JET 9 JE2 9 JHUN o JHNNT 9 JLSW s JSLABRS UX 9 U2 s CHD16540
OK1sLANDIDILRTyMARKIMADD (42) yNASWINBNDSToNBNDL1 (11} CHD16%%0
INBSWINDC sNDCMINLSWI10) s NOF sNOTIME sNPBSWeNPEININPS2NINPTSW CHD16560
2NRPIDINRIDCINRSWI10) sNRZONSNSLAB(19) sNSLABH(10) sNSW eNXSWy CHD165%70
INZONINZONCIONE s PST 9QSAVE+QTOTsQTOTAL sREFCTR o SBK 9 SDN» CHD16%80
4SDOTNSNSISRASTAR s TAUQUT o TAUST(3) e TAUL 9 TAU2 s TAU2Ss TEMPA CHD16590
ATEMPST(2) s THREE 2 TWOSWFP sWF X g WF XX s X] s XMCOM 9 X SAVE CHN16600
COMMON /NASCOM/ CHARROsAIRM, CHN16610

1CARBN1(205) +CAPBNS(205) 9SILCAL{205) oSTLCAS(205)9PYROI205)+DEP(205)1CHD16620
29HYD1205) »AERO1205) s AERNI208 ) yBURN{ 208 ) s WFD(20%) s WDEP(205) sWSI(20CHD16630
26)yWBRM(205)+EMWT (20%) 9PRGE 20%) CHN16640
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4o TIMEXIRO)oTFT(50)sNPTS CHD16650
59POR(235)oPERMl(ZOS)oP[RMZ(ZOS)|VISC(205)oGCON’RHOTS’CARTSQS§LTSo CHD16660

6PORT'PEPT19PERT21DCOH90COOODC09YoDCODPoDCOS!oDCOCMaDCONvCFXH'CFXOoCH01667O

7CFXPY.CFXDPoCFXbIoCFXCMoCFXN.D!FCO(ZOSlcSO!ﬁZOS) CHD16680
B8,ALLGAS(7205)9GRAF1{205) CHD16690
EQUIVALENCE (IHDNI(1?2)sNHDNI1Y) CHD16700
EQUIVALENCE (RHO4(103)sRHOGI(1)) CHD16710
EQUIVALENCF (TEMPAY({11e75(1))»(DELTAX{1)sPARTIMNIL)) CHD16720
FOUTVALENCE (MNODNNP) CHD16720
DIMENSION ARFA({42)sARFAVIL2)Y CHD16740
EQUIVALENCE (RHOCPXia4b) sAREA(1)sAREAV(43)) CHNILTS0
KLz BSM4K CHD16760
TEMPA2TEMPALIX) CHD16770
GO TO (13s694)9JRSW FHD16780
4 CONTINUE CHD16790
IF (TEMPALIK}=4460e) To745% CHD16800
& TEMPA=44L60, CHD 16810
7 CONDC:CKC(I)4?5MPA'(CKC(2)¢TEMPA'(C(C(3)+TENPA'CKC(k))) CHD16820
13 CONDV = CONST(1sIV1+TEMPALIK)I#(CONSTI(2411+4TEMPALIK) CHD16830
19 (CONST (29114 TEMPAL(K)IRCONST (401 ))) CHD16R40
CONDV=CONDV/i0622*2-16leEMPAa(K1/lBLPRES(NoL)*I-E—IO))+.OOOIIZO cHD16850
GO TO (15917017 )9JRSW CHD16840
15 CONDF = COMNV CHD16870
GO 10 18 CHD16880
17 CONDF = (CONDV-CONDC)I*RMOL{K)/RHOVIT)+CONDC CHN1689%0
18 CONDFaCONDFRARFA(K) /12, #DELTAX(IM)Y CHN16900
RETURN CHN16910
END CHD16920
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~ FOR (CPRACPRA -

SURROUT INE CPRA(JsK o TEMPAJWCPBAR) CHN16930 .
COMMON /RLOCKAZUSFRIBBY 4 CCPG(L)Y CHN16940
COMMON /NASCOM/ CHARROLAIRM, CHN166%50

1CARBN1(205)19CARBNS(205)951LCAT(205) 9SILCAS(205)4PYRO(205) +DEP(20%)CHN16950
2oHYD(ZO0%) vAERO(205)  AERN( 208 ) sBURNID DS} 24WFN (20509 WDEP(205) +sWSTI(2NCHN16970
AR ZWREN(208) o ¥MWT(2NR ) 4PAG( P0%) CHN16980
LaTIMEX(EO)sTFTIBN) JNPTS CHD1699C
59PORI205) yPERMI(205) sPERM2{Z05)9VISCI205) oGCONIRHOTSICARTSSSILTSe CHN17000
6PORT+PERTT14PERT24DCOHIDCOODCOPY +DCNDP 4DCNAGT 4DCNCMDCAN CFXMCFXOCHD1TH10

TCEXPY 4 CFXDPoCEXST o CFXCMyCFXNSDIFCNII05) 450X (205) CHD17020
BsALLGAS(20%) +GRAF1{205) CHD17010
CPRAR=C(PG(11+TEMPAR(CCPC(2)4TFMPAR (CCPG(3)+TFMPARCCPGIL))) THN1T7040
FND CHDiITO%0
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- FOR

C

Coans
4

Crenn

C

DEPOsDEPD
SUBROUTINF DEPO (Kex L :TFMPALDEL) CHN1T7060
' CHN17070
CARBNNK DFPOSITION CHD17080
CHN1T7090
COMMON /BLOCKA/ CHD17100
1ABSORP{ ;01 »ABSC v ACTENC s ACTENS sACTENViGL»10)s CHD1T7110
2BSTAR sCCPCL4) »CCPGLG) sCHARPT(101) »CrC(4&) o CHD17120
3COEFT(42310) »CONDC »CONDV(100) 2(ONST(491C. sCCGVERX(100) » CHD17120
4CPSAR »CPC sCPVI(100) sDIFREC +UMATERI(10) » CHD17140
SEFCOLC 1EFCOLS sEFCOLV(G910)+EMIS(10) 2EMISC s CHD17150
&HOFM{ 10!} sHCGA +HCOMG »HSUB WMATL100) s CHNR1T160
TMATOMN P MATMNE P MN NN s NNP s FHDITITO
BNNSAVE +NRDIY +NREND s NRGO oNST » CHD17180
GPARTIN( G opHI »QBYRAD » OCOMB yQEXTR + CHD17190
1QGPCOM 2QELAL sRECPRO »REORDC +sREORDS s CHD17200
2REORDV{4510)sRHO%Z +RHCS5(305) aRHOCPX(101) »RHNOC » CHD17210
IRHOVI10) » SABL »SABLT »SDOT +SDOTC sy CHO17220
4SLOPE(10) +TMELT(1D) 2 TS2 » 1502051 . TRCHAR s CHD17230
&vF2 WWF(205) » XCHAR »XINIT oXLEFT(IO) s CHD17240
5XMASS » XMDOTC s XMDOT. 2 XH4MDOTG o XMDOTL v CHD17250
T7XMDOTR »XMDOTS s XTOI AL sXVIRG(101) +XZONE CHD17260
COMMON/BLOCKC/ CHN17270
1BLPRES(20+11) sy COMMAX yCUTOFF vF{20s11) » CHD172890
2FLOW(20911) +HCONVI20+11)»1ERROR » JUNCT ol e+ CHD17290
3N sNOSECH »QBACK sOCONVI(20911)+0GAS(20911) » CHD17300
4QM1SC » TIME s TPRINT sTHALL(20911) o XIWALL (20110 CHD17310
SXIR(20+11) CHD1732¢9
COMMON /RLOCKJU/ cHN1T33C
1FLUXI(200)oTEDEP(200):XEDEP(101)9EDEP(101)eNTEDEPs CHD17340
INXEDEP, ITEPEPLEDFLUX(16G0) CHN17350
COMMON /RLOUKK/NN1+QCONDI{Z05) CHD17360
CORMON/BLOCNN/COORD CHD17379
COMMON/BLOCKR/DIFC{4) 9sEROCI4) YERODE CHD17380
CCNMON /CHCOM/ DTAU, IRE(10)» IBS({10}, IBSPN CHN17390
11GIYP(10)s [HDN(4&)» IM» 12R(3), 1ZG{2+10} CHD17400
212GT(1) JRSW NCSN(10) NSHL(2 Yy NSHR(3)» CHD17410
INZEN(3)» NZSN.3)>» RHO1(208)» RFEO2(205)s RHOA(4101) CHD17420
41 yTEMPA2(20 )Y +TEMPA3(42)sTEMPALI(42) 'TEMPAS(205) CHD17430
5 DELX{1003+035TL(100),0UM (10) 5 ICOMy CHD17440
6[YSsLFT'MGeMDUMoNCEN(10):NCUToND(B)oNLZONoSN'SNio CHD17450
7SCHECK CHD1 7460
DIMENSION STATFMFNTS CHN17470
CHD17480
DIMENSION DELTAX({1)}:TEMPAY( 1) CHD174690
EQUIVALENCE (TEMPAY(1)sTS{1))+(DELTAX(1)»PARTIN(I)) CHD17500
COMMIN /NASCOM/ CHARROSAIRM, CHD17510

1CARBN1(205).CARBN5(205)oSlLCAL(205)vS!LCAS(ZOS)oPYRO!?OS)'DEP(ZOS)CHDI7520
2vHYD(205) sAERO(205) s AERN(205) sBURR(205) sWFD1205) » WOFP(22%)sWSI (20CHD17530
35) yWRRN(205) s EMWT (205) sPRG( 205) CHD17%40
4y TIMEX{S0)sTFT(50) o NPTS CHD17550
5,00R(205) sPERM] (205) sPERM2(205) s VISC(205) sGCONIRHOTS9CARTSsSILTSy CHD17560
6PORToPEPTIoPERTZoDCOHrDCOO-DCOPY'DCODPODCOSloDCOCMoDCONoCFXH'CFXOoCHDl757O
TCFXPY sCFXDP s CFXS T2 CFXCMoCFXNsDIFCO120%) 550X (205) CHD17%80
8sALLGAS(205) sGRAF1(205) sGRAF5(205) s SPEED(205) +DIFCH(205) sDIFR(235)CHD1T590
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9vVlSCO'VISCONoAFvBFoSlLiCAoREQoPMH-DMV.HMH AUMW s ANMW 9 SHMW 9 BMWCX {61 CHD1 7600

70
80

8%
90

134

1+:0ST+QBRNIQDEPWDACT

REAL MCXTWMETC

FMFPeEMWT (KLY /ALLGASIKLI#PRGIRL) /721156,
METC= PYRO(KL I/ 164#FHFP

AYDC= 42 #MFTC

IF (HYDC-,02834) 104510620

M=

GO T0 30

L E W4

CONTINUE

ARM’ 1 ®

CONTINUE

CAR=ARM#4882 , 4 *RHOC
MCXT=23280004#EXP(~81894+/TEMPA)RCX(38#M=-2 )
YH=HYDC®#C X (38M--1)

IMaMETCRIX{ 38M)

ZMYH=zZMaYH

CH017605
CHD17610
CHD17620
THD17640
CHN17645
CHN1T7650
CKD17660
CHD17670
CHD17680
CHD17690
CHD17730
CHD17740
CHD! 7750
CHD1776C
CHN1T770
CHD17780
CHD17790

WDEP (KL ) n~CARPMCXT R4 o #{ YHH{ HIDC228CX{28M) /200648¢e=ZM/ & ) +IMYH=-ZMYHCHD]17800

1#YH) /{1 a=YHAZM=2, BZMYH) #82
HERE=(DELTAX(K)I+DEL )/ 25,
TEST=4,72#CACT/HERE
IF (WDEP(KL)-TEST) 80+80,70
WDEP (KL ) =TEST
GO T0 90
IF (WDEP(KL)) 85+904+90
WDEPIKL)=0,

CONTINVUE

CARBNS (KL )=CARBNS (KL V+WDEP (KL j #DTAY
WDEP (KL ) =WDEP (XL } *HERE

RETURN

END

CKD17810
CHD17820
CHD17830
CHD17840
CHD17850
CHD17860
CHD17870
CKD17830
CHD17890
THN17900
CHD17910
CHD17920
CHD17930
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-~ FOR DIAGHEDIAGSE
SURRNOUT INF NYAGH
COMMON /RLOCKC’ DUMMY (RR? 1, IERROR
1=87
CALL PICKUP(]1sX)
WRITE (&s]1) X

CHN17940
CHD1795%0
cHN17960C
CHD17970
CHD179R0

1 FORMAT(1H1+4X»45HEXTIT THROUGH MERRS BECAUSE OF CIVIDF OVERFLOW/XsCHD17990

20121 ~HN1800O0
CHN18010
CHD18020
CHD18010

146LHTHFE ANDRFCS OF THF ACFENDIMA INSTRUCTINN 1o
IFRROR=17

CALL ERRORS

END

s s b s




FOR DPIAGT 4DIAGT

136

CSURROUTINE NTAGY
COMMON JALOCKC /

1ALPRFSE20 1Y) yCAMMAYX sCUTAFF FLI2001 Y ’
PFLOWIN0431) sHCONVIZN911) s 1FRROR » JUNCT ol [}
N sNOSECH ' QBRACK SNCOMVI20s1:1e0GAS(20911) »
40M15C s TIME s TPRINT sTWALL (20911 ) s XIWALL 1205310y
EXIR{20s11)

WRITE (6411}

FORMAT (/7718 24X 29HEXTIT BECAIISE OF JUMP 10 MERRY)

1FRROP=17

CALL FRROR3

END

FHN1BOLO
CHNIE80%0
FHN18060
CcHD18070
CHD18080
CHE18090
rHN18100
fHN18110
CHD18120
CHN1B130
CHN181460
CHN181%0

e
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- FOR DIFUSDIFUS ¢

SURROUT INE DIFUS (DIFCAL #+NSOUR +DCOCFIXsCNANCY CHN18160
COMMAN /RLOCKA/ cHMN18170
1ARSORD(10)  $2ABSYC s ACTENC VACTENS JACTENV{4»10)s 7HN18180
PNSTAR yCCPC LG} +CCPGLG) sCHARPT(101) +CKC(&) s FHN18190
1COEFT(4+10) +CONDC sCONDVI100)  +CONST(4910) +COVERX(100) » ¢4D18200
4CPBAR »CPC +CPVI100} WDIFREC sUMATER(10) « CHD18210
SEFCOLC WEFCOLS JEFCOLViG910)9EMIS(10]) vEMESC » CHD18220
6HOFM{10) sHCOM s HCOMG sHSUR sMAT1100) s+ CHN182130
TMATOMN sMA TMNE o MN NN +NNP v CHD18240 -
ANNSAVF INRDIV sNREND PNRGN oNST s CHN182%0 .
9PARTIN(101) »PHI »yQRYRAD s CCOMB INEXTR + CHD18260 :
10GPCOM sQ5UBL +RECPRO yREORDC +sREORDS s+ CHD18270 i
2REQRDVi&10) sRHOS2 yRHOG{ 305) +PHOCPX 11011 +RHOC » CHD18280 5
IRHOVI(10) aSABL »SABLC »SDOT 2SDOTC sy CHD18290 o
4SLOPE(10) ¢t TMELT(10) . TS2 v TS(205) » TRCHAR ’ sy CHD18300 3
5WF2 sWF(208) s XCHAR s XINIT sXLEFT(101) + CHD18310 4
6XMASS s XMDOTC s XMDOTD + XMDOTG s XMDOTL sy CHD18320 3
7XMDOTR s XMDOTS 2" XTOTAL PXVIRG(101) o XZONE CHD18120 3
COMMON /RLOCKB/ USER(242),BLDEN(20s11) CHD163135 i
COMMON/RLOCKC/ CHD18340 H
1BLPRES(20011) » COMMAX yCUTOFF sF(20011) s CHD18350 F
2FLOW(20+11) +sHCONV(20911)9sIERROR s JUNCT sl ¢+ CHD18360
3N yNOSECH »GBACK sQCORVIZ20911)+0GASI20s1) o CHD18370
4OMISC »TIME s TPRINT sTHWALLI20911) e XIWALL(20911)s CHD183%80 i
5XIR(20911) ’ CHD18390 !
COMMON /RLOCKJ/ CHN1E400 i
1FLUX1(20C)+TEDEP(200) +XEDEP{101)4EDFEP(101) NTFDFP, CHN18410 i
INXEDEP S ITEPEPLEDFLUX{100) CHD1842D ;
COMMIAN /RLOCKK/NN1»QCOND{205) CHN18430 4
COMMON/BLOCKN/COORD CHN18440 i
COMMON/BLOCKR/DIFC(4) 9sEROC(4) +ERODE CHD18450 :
COMMON /#CHCOM/ DTAU, 1BE(10) IBS(10} IBSPN» CHD18460
11GTYPt1C)s IHON(4), TMs 1ZB813), 12G(2+10) s CHD18470
212GT(1), JRSW, NCSN(10)» NSHL(3), NSHRI) CHD18480
INZEN(3) s NZSN(3), RM01(3C51s RHO2{305), RHO3(410)» CHD18490
4l s TEMPA2{205) 2 TEMPA3(42) s TEMPAL(62) +TEMPAS(205) CHD18500
5 DELX(1001sDTSTL(100)+DUM  £10) 9+ ICOM CHD185S10
6IYSeLFT oMGaMDUMINCEN(10) sNCUToND(3) +NLZONSSNsSN1» CHD18520
7SCHECK CHD18530
COMMON/NUCOM/ NADA» CHN18540
1EM(42) CHD18550
COMMON /DACOM/ A(42), CHD18560
1ABVAL sARVALMABVALSB(a2) +Cia2) » CCl20%5)»COND(42) CHD18570 .
2CONDX sCONDXXe D(42) »DD(205)«DELTX(101)+DGASDO CHD18580 \
3IDTAUC >DTAUS »DTAUX sDTFsDTRII)sEDFXIEDFXXIEMI (4217 CHD18590 i
GETASETASsFHTI42) sFHTXoFHTXX s GAGC »GAS1 9GK9GX9GY 962y CHD18600 i
SHDA(5910) s IBSPMs IERR» IGCoIGL 2 IGLD2IGR IGRL+IGT 1G22 CHD18610
6IHYS s INEGs IN1 s IN2sIPsIPLUSSITER2»ITERTIXs1Ye12+J9JBF CHD168620
TJBEMy JBEX 9 JBND1 s JBND2 s JBS s JBSMaJBSPMy JBSPN s JBX s JBXX e JCENs CHN1 85130
BICENM s JCSNs JCSNM s JE ¢ JE1 2 JE2 4 JHDON s JHON1 s JLSW o JSLAR S UX 9 U2 0 CHD18640
9K1sLANDIDSLRTsMARK s NADD (421 s NASWoNBNDST»NBND1(11) cHD186%0
INBSW e NDC s NDCMaNLSW(10) osNOF sNOTIME sNPBSWINPEIN+NPS2NINPTSW CHD18460
INRIDsNRIDCINRSWI10) sNRZONINSLAB(10) ¢NSLABHI{10) s NSWoNXSWe CHD18670
ANZONINZONCIONE oPST 9 QSAVEsQTOTsSTOTAL sREFCTRSBK9SONY CHD18480
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e 33 -

LS5DOTNWSNSeSRAYTARSTAUOUT»TAUSTI3)9TAUL»TAU29TAU2Ss TEMPA,

ey o0 W

306
307

309

312

S5TEMPST(3) o THREE sy TWO sWF P oWF X s WF XX 9 X1 e XML OMy XSAVE
COMMOM /NASCOM/ CHARROAIRM,

CHD18693
CHD18700
rHN18710

1CARBN1(20512CARBNS{205) s SILCAI(205) 9SILCAS{208) PYROIDCSYWDEF(205)CHDIART20
2sHYD(205) »AERO(205) +vAERN1205) ¢BURN( 2051 yWF(205) 9 WDEP{205) eWST(20CHD18710

IR HSWBRNL205) sEMNT(20%)+PRG( 205)
GyTIMEX(SO)sTFTIS0)9WNPTS

CHN18740
cHD18780

5sPOR(20%) »PERM]1(205) +PERMZ(20%) 9VISC(208) +GCONIRHOTSICARTSsSILTSy CHD18750
6PORTPERT 19PERT29DCOH 1DCOO0sDCODY 4+ DCODPsDCOST 9DCOCMsDCONICFXH o CFXBCHD18770
TCFXPY o CFXDP s CFXST o CFXCMaCFXRNODIFCO(205) 9 SOXE205)
SHALLGASI205) 2GRAFLI2051,GRAFS(205)+SPEFNI208yDIFCHI205) «DIFR(205)ICHN16790

DIMENSTINN NBND2(10) 4NHDN(2)
EQUIVALENCE (NBND1(2)1oNRNDA(1))
FQUIVALENCE (IHDN{2)sNHDN(1))
ENUIVALENCE (TEMPAL!1)9TS{1)1)o(DELTAXI1)9PARTIN(1))
DIMENSION DELTAX(1)sTEMPALI(Y)
DIMENSION SOURCE(208)sCONC( 1)
DIFC0S$=0, .

ALPH=0,
DCU=DCO#PHI*HCONVIN,LI/BLDEN(N,L)

DO 100 1G=IGRIMG

CALL GRIN(IG)

DO 9 U=JUBS»,BE

DIFCO(N) =DIFR{JI#PORI( D)

GO TO (192039495+697)9NSOUR
SOURCE(J)=-13"33%WRARN(J)

60 10 ¢

SOURCE(J)=e017982WFD( J)

GO TO 9

SOURCE( J) 2 00002%WFD(J)4+437332WDEP ( J)
DIFCO(JY=DIFCH(JY2PORL( D)

GO T0 9 .

SOURCE(J) =e376THWFD(J)=143339%WDEP( )
G0 TO 9

SOURCF (J)=0,

GO T0 9

SOURCE(J)=eb51111#WSTI(I)

GO0 10 9 .
SOURCE(J)=e6053%#WFD(J)+2e33334WBRN(J)+,28889=WSI(J)
CONTINVE

K=0

ALP=SPEED(JBS)#POR(JBS)

DO 10 J=JUBS»JBEM

K=K+1

KL=LLD(J)

KK=LLD(J=-1"

IF (KK=KL) 307+307+306

KK=Kl~1

CONTINUE

IF (POR(J)) 30993099312

ALPHA=°.

DIX)I=0,

GO TC 213

CONTINUF

ALPHA2SPEED(J+1)1%POR(J+1)
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CHNh187R0

CHD18RON
CHND1B8RYO
FHN18R20
CHD18830
CHNiBRALO
CHN18RS0
CHD18860
CHN18870
CHD18ARO
CHD18890
CHN18900
CHD18910
CHN18920
CHD{ 8930
CHN1 B8R40
CHD18950
£4D18%60
CHN18670
CHD189RO
CMN 18990
CHD19000
CHN16010
CHD19020
cAN19030
CHD19040
CHD19060
CHN19060
CHD19070
CHD19080
CHND19090
CHDI9100
CHD19110
CHD19120
CHD19130
CHD19140
CHD19150
CHD191460
£HN19170
CHD19180
CHN12196
CHDP19200
CHD1IV210
CHD19220
CHN19230

PRI




( 313

10

11

13

14

1%
( ' 160

10%

10%

106

DI =50URCEL ) /PORLLY)

CONT [NUF
LIKY=(DIFCOS+BIFCO(I I %60 /DFLTAX(KY)
SAVF e (DIFCOIN+DIFCA( 41180/ DFELTAX(KL)
CIX)=-SAVF

RIX)=CAVF4A(K) 4+ ALP
AlK)y=-A(K)~ ALPH

ALPH=ALP

ALP=ALPHA

CI1FCOS=DIFCO(Y)

CONT INUFE

IF (16=TGR)Y 1loll1s12
RiETI=AL1)+R( 1)

CClURSY=C 1)/
DDtuBS)=D{1)/B(])

GO 10 13
ONF=2R(11-CCLURXX)®A(])
CClJRS)=C (11/0NE
PD{JRS)I={DI1)=AL11#ND{JRXX) ) /ONF
CONT INUF

PO 20 J=2eJF1

K=JBSM+ )
ONF=R(JV-CC(K=-11%A())

IF (ONE) 15414915

CCix1=0

DD{xk1=0

GO T0 20

CONTINUE

CCiR¥=C(J)/ONE
DDIK)=(D{II1=-ALU)*DD(K=11)/0ONE
CONTINUF

JAXX=JREM .

CONTINUF

Al ) z=ALPH-SAVE

Al1)= ALPHA4+DCU+SAVF

D(1)=DCU*CFIX+SOURCF(JURF)/{POR(JREI+1.F-10)

IF (B(11=CC(JBE=~112A(1)) 1051034105
CONC(UBE ) =0,

GO TO 106

CONT INUF

CONCIJUBE)=(D(1)~A())#DD(JUBE=-1))/(B{1)-CC(JUBF--1)%A(]1]))

IF (CONCILJUBFY) 1024101106
CONT INUF

JBX=JRE

DO 200 !G=MGsIGRs=-1

CALL GRIN(1G)
CONC({ JBF ) =CONC ( JBX

DO 159 J=JBEM».JBS»~-1
CONC(J) = DD(JY = CCIII#CONC(JI+1)
IF (CONC(J)) 108+108.150
CONC(J)Y = O,

CONTINUE

JBX=JBS

CONTINUF

HOLD=CONC (JBX)

cHN19240
runt192s0
CHDIN260
FHP1IG2TN
rH4N192AR0
CHN197290
THN19200
fHN19310
~HN19320
CHN19330
CHM1 920
rHN1931%0
CH19360
FHN19370
CHD19330
CHD19390
CHNI9400
CHNTF410
FHN19420
CHN19420
rHN19440 -
CHN19450 3
CHN196460 3
CHD19470 B
CHD19480 L
CHN19490 .
CHN19500 E
CHN19%10 :
ChP13%20 :
CHNH19820
CHN19540
CHN19550 '
CHN19560
CHN19570
CHD19580
CHPMI 9890
CHD19600
CHN13610
CcHD19620
CHN19630
CHD19640
CHN19650
CHN19660
CHN19670
CHD19680
CHN19690
¢HN19700
rFHND19710 ‘
CHN19720 !
CHP19730 .
CHN19740 :
CHN19750
CHP1976(
CHDNI9TT0
CHN19780

13¢



S BB

v

20%

210
215

230
250

14C

IF (1GR-11 20%+205,210
1GRL=1

GO 11 218
16RL={GR~1
CONTINUE

DO 250 1G=1+IGRL
CALL GRIN(IG)

DO 230 J=JBSsJBE
CONC( .1 =HOLD
CONTINUE

RFTURN

END

CHD197%0
CHN19800
rHN19810
CHD19820
CHD19830
CHD19840
CHD19850
CHD19860
CHD19Aa70
CHD19880
CHN19890
CHD19900
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- FOR FRROR34FRRORA
SURROUT INE FRROR?3
COMMON /RLOCKA/

1ABSORP ({101 s ABSC yACTENC sACTENS +ACTENVIG410)
2BSTAR 2y CCPC UG 2»CCPG(4) s (HARPTINY)Y »CkCl4) "
ACOFFT (449101 »CONDC +CONDV(100° 2CNMNSTIG 10T »COVERXTIO00Y »
4LCPBAR 14 14 s CPVIT100) yDIFREC 'UMATERI10) v
SEFCOLC sEFCOLS YyEFCOLVI4210)9FMIS(10) +FMISC ’
&HNFY% (10} sHCOM yHCOMG sHSUA sMAT(100) »
TMATOMN s MATMNE sMN s NN sNNP ’
ANNSAVE sNRDIV +NREND sNRGO sNST ’
9PARTIN(101) »PHI +QRYRAD » HCOMB WNEXTO ’
106PCOM »QSUBL yRECPRO sPEORDC +REDRDS ’
2REOCROVI L1011 sRHDR2 s RHOK { A8 RANCPX (101} ¢PHCC [
ARHOVI10) » SABL s SABLC s SNOT 1 SDOTC ’
4SLOPE(10) s TMELT (10} » 157 »TS(20¢%) » TRCHAR v
SWF 2 yWF(205) s XCHAR oXINIT sXLEFT(101) ’
H§XMASS » XMDOTC » XMDOTD s XMDOTG 2 XMDOTL ’
TIXMODIR » XMDOTS »XTOTAL WXVIRG(101) s XZONFE
COMMON/BLOCKB /

1ALT 2ACFA yAQFACH sBETA(20) sRLCOM(20911 1
2BLOEN(20+11) +BLENT(20911)+BLTEM(205119BLVEL (20311 ) +ELRNI20s11) »
IBMULT yDIST(20011) »FSCOM »FSGAM 'LENGTHI21)
4NDIM sNTEMP 'NTHETA sNTINE «PAMB ’
5pSP sPTOTAL +QAMB s QSHOUL ’

6R(20s11) sREFCOM(20511) sREFDEN(20+11) ’
TREFENT{20911) sREFRN(20s 11V sREFTEM{ 20011} ’
BREFVISI20+11) »RHOA +RHOVIS +RNPERF ’
9RTRAN »SOFS »SWEEP sTHETA(11) s THETSH ’
1TTOTAL »UAMB »V1S5COS »X(20911) sXEQ{20+11) o
2X1AMB sX15P s XL TRAN s XMACH XX ’
3JATEMP oBLVIS(20011)sZWALL sREFPR(20511) sHMAX

COMMON /BLOCKC/

1BLPRES(20911) » COMMAX +CUTOFF oF{20911) ’
2FLOW(20+11) sMCONVI20+11)»1ERROR s JUNCT oL ’
N s NOSECH »QBACK sQUONVI20911) 9QGAS(20911) o
4oMtsc » TINME s TPRINT o TWALL (2091 1) o XIWALL (20911
SXIR{20s11)

COMMON /BLOCKD/

1ALPHA(200) +»AMBPI(200) sAMBT (200} PAMULT I 200) o AXLD( 200} ’
2BWTEST » JATMOS s IPR s IPRINT(20,10) ’
310 v 1X 'KK sMEL TN yMELTL ’
4 MVTEST sHKK sNCHARM sNMAT U v
SNMATL sNMATLD sNSTRES +NTBW sNTIME1 ’
6NTIME?2 »PRINT WPUTL20) »QBAC(200) sQINC(20) ’
TQINCR »GM(200) 2QTIME(20) vQTABLE(6+200) ’
8RPRINC sRQINC #RXINC s Tl +TRW(200) ’
STEMP(T) 2THNT20) »TORIBW(200) o
1TSINC101) o TT(200) +V(200) P XINC(20) ’
2XINCR XTIME(20) »2(200) +22(200)

COMMON /BLOCKE/

101V v 1P s INPLOT sLPLOTHI20) 2LPLOTQI20)
2LPLOCWI(20)  oNCAM sNCPL(20) s NORUMA s NORUMB
INDRUMC sNORUMD sNDRUME s NDRUMF sNLACPH
4NLOCPN sNNLOCW +NNODEC sNNODET P NNSP

cHN19910
rHN19920
CHD19930
CHD19940
CHD199&0
CHD19960
CHD19970
CHD19980
CHD19990
CHD20000
c4D20010
CHN?20020
CHN?20030
CHD?20060
CHD20050
CHC 20060
CHN?20070
CHD?20080
CHD20090
CHN?20100
CHD20110
CHN20120
CHD?20130
CHD20140
CHD20150
CHD20160
CHD20170
CHD?0180
CHD?0190
CHN2G200
CHD20210
CHD20220
CHD20230
CHD20240
CHD?0250
CHD?20260
CHD20270
cHN20280
CHD»0290
CHD20300
CHD20310
CHD20320
CHD20330
CHG20340
CHD20350
CHN20360
CHNP?20370
CHD201380
CHD20390
CHD20400
sCHD?20410
+CHD20420
sCHD20430
sCHD204L4GO
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ENDAGE yNPLATH{ D) sNPLOTQU20)  oNPLACWI 701  HNTIMLP sCHD20450
ENIPLI20Y fNVALUC(20) NVALUT (20! “PLOTM™ sPINCL20) ¢ CHD20460
TOINCR 'PPRINT +PTIME(PD) yRPUINC »SPECS (1) 2CHD204T0
ASTOPPL o TV sNNPRFV CHDN?20480
cCoOMMON /L OCKF/ CHD?20490
1ASTR(20%) s AXLDEQ yCCOMSC (&) »yCCOMSVI4510)»CFMODC 4 o CHD20%00
2CEMODV{G,10) 9o CEXPC(G) yCEXPV(4010) +(LCOFF yCMWGAS(4) y CHD20510
ACNUC 4 2CNUVIL»10) sCSHRSC {4 yCSHRSVI{4+910)+CSTROL205) » CHD20520
GCTENSCHLG) sCTFNSVIG 103 +GP{208) yPERMC 'PIN » CHD20%130
SPOROSC s POROSVI(10) +PSTR1(208) »PSTRZ1208) yPSTR2(205%) s CHD20%8¢0
6RIN sRSTRC(20%) 1 SHRSTRE 2051 +SSMAXLIP08) sRAD(20%) CHD205%5%0
ToNSLART CHD20560
COMMON/RL OCK G/ CHD20570
1QROL.D 2QBWTOT sQCLDI(20+10) +QCOLD sQCONVT(20¢10) eCHDZ058
2QGAST(20+10) +QGLDI20s10) +QGOLD 2sOMISCY »QMOLD CHD20590
COMMON /CHCOM/ DTAU, IBE(10) IBS(10) IBSPNy ZHD20600
11GTYP(101 IHDN(4) s My 12B(23), 1ZG(3,10)» CHD20610
212GT(3), JRSW, NCSN(10) NSHL(3) s NSHR(3) CHD20620
INZEN(3) NZSN{2) RHO1(205)y RHO?2(305)s RHO3(410) CHD20630
41 +TEMPA2 (1205 ) 9 TEMPA3(42) yTEMPALI42) »TEMPAS{205) CHD20640
5 DELX(100)+DISTLI100),DUM (1091 ,1C0OM, CHN20650
6IYSOLFT oyMGeMDUMINCENI10) sNCUTSND( 3" +NLZONsSNsSNY» CHD20660
TSCHFCX cHN20670
COMMON /BLOCKH/ CHD?20680
1DABS (50) sDABSC(%0) sDACTEC(50) o+OCACTES(50) +DACTEV(64950)s CHD20690
2DBSTAR(50) +DCCPC(4+50) sDCCPGL4950) sDCCSCI4»50) +DCCSVI(L350) » CHD20700
3DCEMC{4950) »DCEMVI(4+50) +DCEXPC(4+50) 9DCEXPV(4+50) 9DCKC(4950) ¢+ CHD20710
4DCLLOE S0 2DCRUCI4950) sDCNUVIGS0) sDCOE(4950) yDCON(4950) » CHD20720
5DCSHSClL 950 ) s DTUSHSV 4 950) oDCTSCl4v50) +DCTSV(4950) »ODIFFU(SO) o+ CHD20730
6DEFCOCIED) HDEFCOSISM 'DFEFCOVI44+50) 2DEMIS(650) 'DEMISC(50) o CHD20740
TOHCOM({50) 2DHCOMG (50} +DHOFMIS0) »DHSUR(50) oDMAGAS{4+50) 9 CHD?0750
BDPERMC (&0 *DPORC(50) »OPORV(50) sDREORC(50) +DREORS(5%0) » CHD20760
9DREORVI4L950) o»DRHOC(50) »DRHOVI®0) +DSLOPE(%0) sOTMELT(S0) » CHD20770
IDYRCHA(RO) +DMATER(50) +XMATER(100+2) »TITLE(T70) + CHD20780
2MELT1(50) oMELT2(8C) sTHICK{100) +MNODFI(100) CHD20790
COMMON /RLIOCKM/CARD(14) CHD20800
COMMOd /NASCOM/ DCHARR(%8813) cHN20810
COMMON /NACOM/ A(42) cHN20820
1ABVAL »ABVA( MsABVALSB(42) +C(42) » CC(205)9CONDI4L2) CHC 208130
2CONDX o+ CONDXXy D(42) +0DI205)sDELTX{101)9DGASsDQy CHD20840
3DTAUC »DTAUS +DTAUX +DTF+DTR(3)sEDFXIEDFXXsEMI(42) CHD2C8S50
GETACETAS FHT (421 s FHTXsFHTXX sGAGC 9GASTI vGK 9GX9GY sG2 s CHD20860
SHDA(5910)+ IBSPMIIERRIIGCIIGL o IGLDYIGRIIGRL 4 IGT 162, CHD2C870
6IHYS s INEGsINLoIN2oI39 IPLUSHITERSITERTs1491Y912Z0JsJBEY CHD20889
TJBEMy JREX ¢ JANDY 2 JBND2 > JBS s JBSMy JRSPMy UBSPN JBX 9 JBXX 9 JCEN s CHD?20890
BICENM e JCEN9 JCSNMy VE 9 JET 9 JE2 s JHDN 9 JHDNT o JLSWo JSLAB S IX9 J2 CHD20900
9K 1sLANDIDsLRT¢MARK ¢+ NADD (42) yNASWINBNDSTsNBND1 (11} CHD20910
INBSWoNDC oNDCMyNLSW(10) o NOF s NOTIME sNPBSWINPEININPS2NoNPTSW CHD2092C
SNRIDINRIDCINRSW(10) sNRZONINSLAB(10) oNSLABH(10) sNSW oNXSW CHD2091390
3INZONsNZONCsONE9PS1 1QSAVEsQTOTsQTOTAL sREFCTR s SBKoSDN» CHD20940
4SDOTNsSNS+SRATARSTAUOUT s TAUST(2)9TAUL»TAU2+TAU2S+ TEMPA CHD209%0
STEMPST(3) s THREE s TWO s WFP oWF X yWFXX 9 X1 « XMCOM ¢ XSAVE CHD20960
DIMENSION XQBOLD(1) 9o XNAME(10)5I1STOP(10! sDALT(]) ‘CHD20970
DIMENSION NDTAULI)oNDIVIY) CHD?205R0
FECUIVALENCE (DTAUSDDTAUIL) ) »IDIVLDODIVITY) CHN20990
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250

110
320
110
340
150
4
360
170
180
384
388

390
4no

1018
1019

EQUIVALENCE IXOABOLD (1) sOBNLIY s (NALTIY)9ALT)

DATA XNAME(]1)/6HBLOCKA/ o XNAME (2 ) /76HRLNCKB/ » XNAME £ 3) /6HBLOCKC/
DATA XNAME{(4)/76HBLOCKD/ ¢ XNAME (8, /AHBLNCKE / ¢ XNAMF (6} /6HBLOCKF /
DATA XNAME(7)/76HBLOCKG/ ¢ XNAME (R /SHCHCNOM/

DATA XMAME (97 ¢ XNAME(10)/5HDACOMAHNASCOM/

DATA ISTOP(1)/1B65/+15TOP(D)/6045741STOPI3)/71991/:15T0Pi4)/645Y/
DATA 15709151/1)1/9lﬁTOD(ﬁ)/7115/o1%TOP(7)/806/,1570P(5)/1444/
DATA ISTOP(9)»1'5TOP(10)1/1080+5882/

DATA NPT1/200/4NPT2/7100/

DO 406G I=1910

GO TO (250+4009250+40054005400440052504250-250),1
NSTOP=15TOPA )

WRITF (6+1018)XNAMF (1)

NC 190  J=14.NSTOP,8

KGO=)-1

KSTOP=J+7

GO TO (310932093305340+35093605,370+238093844538R1,!

WRITE (691019)KGOs (ABSORPIK) 9Kz )sKSTOP)

GO 10 390

WRITE (6+1019)KGO» (DALT(K) 9K=JsKSTOP)

GO T0 390

WRITE (6+91019)1KGO» (RLPRFS({Ky11sK=JyKSTOP)
GO 70 39C

WRITE (6510191KGOy (ALPHA(K) sK2JsKSTOP)
GO 10 390

WRITE (6+1019)KGOy (DDIVIK)»K2JPKSTOP)

GO TO 1390

WRITE (6+10191KGOsASTRIK) 9K JsKSTOP)

GO T0 390

WRITE (691019)KGOs {X¥QBOLD(K) sK=JyKSTOP)
GO TO 390

WRITE (691019)KGC(DDTAUIK? skaJekSTNP)
GO TO 390

WRITE (6+1019)KGO0s» (A{K) s K2JsKSTOP}

GO TO 390

WRITE (6+1019) KGOs» (DCHARR{K) +X=J9XSTOP)
CONT INUF

CONTINUF

FORMAT(1H160X16HDEC IMAL DUMP OF A6/)
FORMAT(1H 06+1X98E15.7)

CALL EXIT

END

CHN? 1000
CHD21010
rHD21020
CHD21030
CHD? 1040
CHNY10%0
CHN? 1060
CHD>1070
CHN?1080
CHD?1090
CHD?1100
CHN? 1110
rFHN2 1120
FHN2 1126
CHD?1140
CHD211%0
CHD21160
CHD?21170
CHD21180
CHD?2119C
CHN?1200
CHR?1210
CHD?1220
CHD?212130
CHD21240
CHDZ21250
CHD21260
CHD21270
CHD21280
CHN21290
CHD21300
CHD21310
CHD21320
CHD21330
CHD21340
CHD?13%0
CHN?1360
CHN21370
CHN>1280
CHD21390
CHD21400
CHD21410
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- FOR FLOWS,FLOWS

SURROUT INF FLOWS CHD?1470
COMMON /R OCYA/ CKN2?21470
1ABSORP(10) +ABSC yACTEN. sACTENS sACTENVIG10) s CHD21440O
2RSTAR 'CCPC UL 1 CCPGILG) sCHAROT{101) of (CU&) » CHD21450
ACOEFTI464910) +ZONDC »yCONDV(100) sCONST(4910) »COVERXIIONOD) » CHD21460
4(PRAR 'CPC sCPV4100) 'DIFREC JUMATER(10) y CHD21470
sEFLOLC s FFCOLS sEFCOLVI{4s10)2EMIS(]0) oEMISC » CHD214%80
gHNFM{ 10 sHCOM sHCOMG sHS5UB IMAT(100) s CHD?21490
TMATOMN +MATMNF sMN NN +NNP » CHN215N0
ANNSAVFE yMRDIV sMRENMD W NRGN WNST e CHD?215%10
9PARTIN{101) +PHI »QBYRAD 2 QCOMB »QEXTR s CHD21520
1QGPCOM »OSURL +RECPRO sREORDC +REORD3 s CHD21522
ZREORDVIG 101 »RUGSE »RHOS {30 s RHOCPX101 ) sRHCC s CHD21540
IRHOVI10) »ySAP »SABLC 2 SDOT 2 SNOTC sy CHN2155%0
4SLOPE(10Y s TMELT(10) s TS2 2 TS1205) » TRCHAR s CHD21560
WF 7 sWF 1208 s XCHAR e XINTT s XLEFT(10Y1) » CHD215%70
6XMASS » XMDOTC 2 XMDOTN »XMDOTG P XMDOTL s CHN?1580
7XMDOT R + XMDOTS s XTOTAL »XVIRGII01) 9 XZONF CHD?21590
COMMON/RLOCKC/ CHD?1600
1RLPRES(20911) s COMMAX sCUTOFF sF(20011) s CHD?1%10
2FLOW(20+311) sHCONVI(20911)»IERROR » JUNCT 'L s CHD21620
3N sNOSECH »OBACK sOCOMVID0911)90GAS({20s11) » CHD21630
4OM1SC s TIME » TPRINT sTWALL (20911 ) o XIWALLI2091139 CHD21640
SXIR(20s11) CHD?1650
COMMON /RLOCKJ/ CHN?21660
1FLUXI{200)sTEDEP(200) sXEDEP (1071 )+EDEP(101)sNTEDEP - CHD21670
2NXEDEP L ITEPEPLEDFLUXI10N) CHD21680
COMMON /RLOCKKX/NN1sQCOND{20%) CHD?21690
CCMMON/RLOCKN/COORD CHD21700
COMMON/BLOCKR/DIFC(4) sEROCI4) yERODF CHD21710
COMMON /CHCOM/ DTAU, IBE(10), IBS{101, 1BSPN, CHD?1720
1IGTYP(1C)Ys IHDNUA)Y, My 1ZR(3), 1ZG12410) CHD?21730
212GT(a3 JRSW NCSN(10) s NSHL (1) NSHR(12), CHD21740
AINZEN{3) NZSN({2), RHO1(305)s RHOP2(30S)y RHO2(610) CHD?17%0
41 s TEMPAZ(205)sTEMPA(4L?) 9 TEMPALI4L?2] +TEMPAS(2051) CHDZ1 /.0
S DELX(ICO)«DISTLI100)sDUM  (30),1COM, CHD?1770
61YSeLFT ¢MGIMDUMSNCEN(10) sNCUTeND(3) oNLZON9SNsSN1» cHD21780
TSCHFCX CHD21790
CCHMON /NUCOM/ DX(205) 9 XNHD(205) sNADA(G? ) yMATA(205) CHD21800
1EME42} CHN21810
COMMON /DACOM/ A(42) CHN218290
1ARVAL sARVALMJABVALS»3(42) +C(42) CC(20%) sCONDI42)Y o CHN21R20
2CNNDX »CONDXXy D(42) oDDI2051+DELTX(101)+DGASDNO CHD?1840
IDTAUC +DTAUS oDTAUX oDTFoDTR(2)sFDFXSEDFXXsEMI (42 CHD21850
GETASETAS FHT {42 ) sFHTXsFHTXX s GAGC 9GAS1sGK sGX9GY G2 s CHD21860
SHDA(S+10) » I18SPMITERRSsIGCSIGLYIGLDSIGRIIGRL»IGT21G2s CHD21870
GIHYS o INEGINIsIN2sIP s IPLUSHITERCITERToIXs1Ts1Z0JeJBC s CHD21880
TJISEMy JBEX s JBND] s UBND? 2 JRSy JBSM USSPV JBSPN o UBX 2 JBXX s JCEN s CHD?1890
BIUCENM s JCSN e JCSNMe JE ¢ JE1 9 JE2 9 JHDN » JHDN1 s JLSWo USLAB UX 0 U2 CHD21900
9K 1 +sLANDIDsLRTsMARK s NADD (42) sNASW+NBNDSToNBND1(11)» CHD21910
INBSWsNDC sNDCMaNLEW( 10) sNOF sNOTIME sNPBSWINPEININPS2NsNPTSWe CHD21920
2NRIDINRIDCHINRSW(10) s NRZONSNSLAB(10) e NSLABH(10) +NSWoNXSWy CHD219130
INZONSNZONCIONE s FPST 1QSAVE +QTOTHQTOTAL yREFCTR#SBK¢SDN» CHD21940
4SDOTNISNSsSRASTARTAUOUT »TAUST(3)9sTAUL«+TAU2 2 TAU2S» TEMPAS CHD219%0

o
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STEMPETO2) s THRFE s TWOGWFP yWFX 3 WFXX o XT ¢ XMTOM, XSAVE CHD? 1960
COMUDN /NASCOM/ CHARROLAIRM, CHN21970
1CARBN1(205) +CARBNS(205) sSTLCAT(205)9SILCASI205)sPYRO(205)+DEP(2051CHD21980
2yHYDI205) yAERO1205) yAERN{ 205 +BURN(205) s WFN(205)» WDEP(205)sWSI(20CHD21990
35) yWBRN(205) +EMWT (205) s PRGL 20%) CHD22000
GoTIMEX(SG ) sTFT(50) NPT CHD22010
S9PCR{205 1 yPERMLI206) sPERM2(205)9VISCI206) sGCONSRHOTS+CARTSsSILTSs CHD2202C
6PORT+PERT1+PERT2+DCCHDLO0+DCOPY 4DCODP sDCOST sDCOCMDCONSCFXHCFXO9CHD220320

TCEXPY +CFXDP s CFXST 2 CFXCM CFXNSDIFCO(205) +SOX(205) CHD22040
B9ALLGAS(205) +yGRAF1(205) sGRAFS5(205)+SPEEDI205)1-DIFCHI?205) +DIFR(205)CHDZ2050
DIMENSION NRNE21101 +NHNDN() CHD22060
DIMENSION ODFLTAX{TI  +TFUPALLL) THR228708
FQUIVALENCE (TEMPA1(1)+TS(1))siDELTAXt{2}+PARTIN(L2}) CHD22080
EQUIVALENCE (NBND1(2)sNBNDZ2(1)) CHD22090
FOUIVALENCE (THDN(2) oNHDN(1) CHN22° 00
rO 190 1G=iGRIMG CHP2z o
CALL GRIN(IG) CHN?2 .20
1F (1G=1GR) 30430420 ) CHN?2139)
20 POR(JARS)Y=POR(JREX]} CHD22140
PFRMY (JRS)=PFRM1{ JAFX) CHD22150
PERM2 { JRS ) =PERM2 (JRFX) CHN22160
VISCIJUBS1=VISCJBEX) CHB27170
KK=IBS+1 CHD 2180 :
GO TO 40 ) CHD22190 .
30 XK=JBS CHD22200 i
¢« 40 DO SO0 J=KK e JBE CHN22210
CALL PORO CHD22220
50 CONTINUF CHN22230 <
) JBEX=JUBF CHD22240
(’ 100 CONTINUE CHD2225%¢
L PRFRNT=8LPRES(NoL) CHD22260
ALFHA=WF { JBE ) #GCON®TEMP L1 (JBE )/ FMWT ( JBE ) #*PRFRNT#POR ( UBE)+1E~-1CHD22270
151 CHD22280
: 00 200 [G=MGy1s-] CHD?229%0
CALL GRIN(IG) CHD2 2300
PRG(JBE ) =PRFANT FHD22310
SFEEN(JRF ) =ALPHA CHD22320
GO TO (14091505150 ¢ JPSW CHD22333
140 CONTINUE CHD22340
} NO 142 J=JBFMyJBSs-] CiD223%¢C
: SPEFN(J) =0, CHN22260
3 142 PRG(J)=PRFRNT CHD22370
; Go 10 17¢C CHD22380
150 DO 160 J=JBEMyJBSs-1 CHD22390
K=LLD(J: CHD22400
TFO(PHR(JY) 15191514153 CriD22410
151 FRG(J)1=PRGI{J+1) CHD22420 :
SPEFN(J1=0. CHN22430 z
GO T0 160 CHD22440 :
153 CONTINUF CHN22450 i
IF (PFRM1(JY) 15191519155 cHD2266N H
155 1F (PFRM2(J)) 15191519157 CHN22470 g
157 CONTINUF €HD22480
PSQ=PRG(J+1)##2+GCONRTEMPALL JI Z{EMWT{J)+14E=10)1%{VISC(IIWF(J)/( CHD22490
1POR{J)®PERMI{J5+1eE~15)1+(WS(J)/(POR(J)+14E~15) )#%2/(PERM2{J)+1et~ CND22500
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IV IEDFLTAX(K ) /17 FHD?22S10

PRA{JI=CSART(PSO) CHN?2%20
SPCEDIS =WFLJIRGCONSTEMPALT( J) /7 ( EMWT(JIRPRGL JIEPOR[ 4141 eF=15) CHN225130
160 CONTINUE CHNZ22540
D0 165 J=UBS+JBE CHN225%0
TEMPA=TFMPAY (jR%],& CHN?25¢60
TEMPRzTFEMPAL () *RD CHD22570
DIFR{J)=¢37803L 4P TEMPAZ{(PRGIJI+1F-15)1*%FXP({-e125TF-3%TFMPAL(J) (HDZ2580
1+4.6110F-AaTFMPR ) J#POR( ) FHND 2590
DIFCHIJ) =+6762TF-4RTEMPA/{(PRGIII4]F-15)2FXP (=, 1RLTF-3#TFMPAT{JICHNZ2600
T1+el13]OF~T#TFMER)IEPORI I run228510
165 (ONTINUF CHN?22620
170 CONTINUE CHD226130
. PRFRNT=PRG! JBS) CHD22K40
ALPHA=SPEED( UBS) CHDZ 2650
200 CONTINUF CHD22660
RFTURN CHN226T0
FND CHN?2680
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FOR

140

160

180
200

260

280
200

FONEV s FONEV

FUNCTION FONEV(ARGs ISAVE s XRAY s YRAYJNPTSIDELT)
DIMENSION YRAY(1) ' YRAY(])
kPATH = 0 -~ FIRST PASS OF SEARCH IN XRAY
KPATH = ~IDELY - DECREASE I>AVE
KPATH s IDELT -~ [INCREASE ISAVE
XDELT=IDELT

XKPTS=ENPTS

KSAVE=ISAVE

XARG=ARG

XPATH=0

IF(KPTS)120+20040

CONTINUE

WRITE OUTPUT TAPE 691000+XARG
CALL EXIT

CONT INUE

IFIKSAVE}120+60+120

CONT INUF

KSAVE=KDFLT+1
IF(XRAY(KSAVE)I-XRAY(1)180+20+120
CONTINUE

KSAVE=-~KSAVE

CONT INUF

KSUBJ=TABS(KSAVE)
KSUBI=KSUBJ~-KDELT
FACT=ISIGN(1+KSAVE)

GO 10 160

CONTINUE

KSUBI=KSUBJ

XSUBJ=XSUBJ+KPATH

CONTINUE

X2=XRAY{KXSUBJ)

Y2=YRAY(KSUBJ)

OX=X2~XARG °

FACTDX=FALTRDX
iFIKPATH)220,1809260

CONTINUJUE

IF(FACTNX12609260,200
CONTINUE

KPATH=~-KDELT

KLIMIT=KDELT+1

GO 10 140

CONTINUF

KSUBRZKSURT
1F(FACTDX)320+300+280
CONTINUE

KPATHsKDELY
KLIMIT=XDELTHIKPTS~1)1+]
CONTINUE

xSup=xSugJ

IF(FACTDX 2809300320
CONTINUE _
JFiXSUB~KLIMIT)14G+320+¢140
CONTINUE

FONEV=Y?2

CHD22690
CHD22700
cHD22710
CHD22720
CHD22730
CHD22740
CHD22750
CHD22760
CHD22772
CHD22780

CHD22750
cHD22800

P Sk

CHD22810
CHD22820
CHD228130
CHD22840
CHD2285%0
CHD22R&0
CHN22870
CHD22880
CHD22890
CHD22960
CHD22910
C4D22920
CHN22930
CHN22940
CHD22930
CHD22960
CHD22970
CHD22980
CHD22990
CHD23000
CHD23010
CHN23029
CHD?3030
CHD23040
CHN23050
CHD23060
CHD23070
CHN23080
CHD23090
CHD?23100
CHN?23110
CHD23120
CHD23130
CHD23140
CHD23150
CHD23160
CHD22170
CHD?3180
CHD23190
CHD23200
CHD23210
CHD23220
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IR N A

AR - 2T s B

B B

GO TO 340
320 CONTINUF
X1sXRAY(¢SUBT
Y1=YRAY (X SUBI)
DX1=X2-X1
FONEVR=(Y2=-Y1)/DX1#DX+Y2
340 CONTINUVE
1SAVE=sISIGN(KSUB KSAVE)
RETURN
1000 FORMAT{1H1+22HFONEV - IND VARIABLE =,E18.7)
END

148

CHD23230
CHD23240
CHN23250
CHD23260C
CHD23270
CHN?23280
CHD23290
CHD23300
CHD23310
CHD23320
CHD23330

™




- FOR FRF(CFRFC
FUNCTION FREC(RK yRFORDC s RDUMRPUM)
FREC=RDUM/ (RDUM#*BDUMIRK*# % (REORDC-1e ) #IRK+141)
RETURN
END

CHD?3340
CHD23350
CHD2336C
CHD23370
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- FOR

Craown
Crunn

310
320
336

340
350

360
370

380
390
400

150

FRONT JFRONT
SURROLIY INF FRONT
THE FRONT SUBROUTINE DETERMINES IF FRONT NCDE IS DROPPED OR
COMBINED
DIMENSION NHDN(3)s RHOL(306)
DINFNSION PFLTAX(1)e TFMPAL(Y Y
CCMMAN /BLOCKAY

1ABSORP(10) +ABSC sy ACTENC sACTENS yACTENVIGL,10)
2BSTAR sCCPC LG 2 CCPG(G) »CHARPTI(101) +»CxCta) ’
ACOEFT{44+10) 2CONDC »CONDVIT100)  +CONST(4910) +COVERX(100)
4CPBAR »CPC CPVIION) +DIFREC sUMATER(10)
SEFIoLC sEFLCoLS tEFCOLVI4310)eEMISIIG] yEMISC ’
AHOFM(10) +HCC™ »HCOMG s HSUB sMAT(100) »
TMATOMN sMATMNE o MN sNN s NNP ’
BNNSAVE sNROIV yNREND sNRGO oNST ’
9PARTIN(101) sPHI s QRYRQAD + QCOMA sCEXTR [}
10GPCOM »GSUBL +RECPRO sREORDC +REORDS ’
2REORDVI 410!} »RHOSZ sRHOS5(305) sRHOCPX(101) #RHOC ’
S3RHOVII10) »SABL »SABLC »SDOT #SDOTC ’
4SLOPE(10) «TMELT(IO) »TS2Z »75(205) » TRCHAR ’
SwF2 'WF1205) » XCHAR »XINIT sXLEFT(101)
6XMASS » XMDOTC » XMDOTO *+XMDOTG » XMDOTL »
TXMDOTR P XMDOTS »XTOTAL +XVIRG(101} »X2ZONE
COMMON/BLOCKC/

1BLPRES(20411) s COMMAX syCUTNFF 2FL20,11) ’
2FLOW(20+11) sHCONV(20+11)sIERROR » JUNCT oL ’
aN sNOSECH +»QBACK sQLONV{20911)9QGAS(20911)
4OMIscC s TIME » TPRINT s TWALL(20911) 9 XIWALL{20s11) >

SXIR(20,11)
COMMCON /CHCOM/ DTYAU, IBE(10), IRS(10)» IBSPN»

116TYP(10Ys THDN(4) 1My 12B(3), 12G(32+106) »
212GT(a} JRSW, NCSN(10) NSHL(3) NSHR(13),
AINZEN(9), NZSN(2) RHO1(205)» RHO2{20%)s RHO3{410)»
41 sTEMPA2(205)»TEMPA3(42) s TEMPAL(42) +TEMPAS(2C5)
£l DELX(100)sDISTL(100)sDUM (10)41COM,
6IYSeLFToMGIMEUMINCEN(10) sNCUToND( 3> s+NLZONISNsSN1 v

TSCHECK

EQUIVALENCE {IHDN(2)+NHDN{1))

EQUIVALENCE (RHO3(103)+RHO4LI1))
EQUIVALENCE (TEMPALI(1)9TS(1))+(DELTAX(I)sPARTINIL))
EQUIVALENCE (MNODsNNP)

IF (MAT(MNOD=2)~MAT (MNOD=1)) 310+320+310
NCUT = NCUT+2

IF (NZEN(NLZON}=-NZSN(NLZON)~1) 320,340,330
ICOM = 1

GO TO 390

IF (NLZON=~1) 350435053560

1COM = &4

GO 70 390

IF (NZSN(NLZON)-NZEN(NLZON-1)) 370,380,270
ICOM = 3

GO TO 390

1COM = 2

GO TO (4209420+400+430)9NCUT

NCUT =2 1

CHN?3380
CHD23390
CHD23400
CHD23410
CHN23420
CHD234730
CHD?2 3440
CHD?23450
CHD? 3460
CHD?23470
CHD23480
CHD22490
CHN2?23%0G
CHD22310
CHN?23520
CHD23520
CHD23540
CHD23550
CHD?213560
CHD23570
CHD23580
CHD235%90
CMD?23600
CHN?22410
CHD?3620
CHD23630
CHD?23640
CcHD23650
CHD23660
CHD?3670
CHD?3680
CHD?369C
CHD23700
CHD23710
CHD23720
CHD23730
CHN23740
CHD23750
CHD23760
CHD23T770
CHD23780
CHD23790
CHD23800
CHD23810
CHD23820
CHD?23820
CHD23840
CHN2385%0
CHD23860
CHD23870
CHD23880
CHD238%0
CHD?3900
CHD22910

ey




IF (1COM=2) 471594164410 CHN?23020

410 CALL SHIFT1 (NLZONSLFTs-1) CHD23930

415 RETURN CHD?23940

420 CONTIMUE CHD23950

CALL COMBIN CHD23960

430 NCUT = 1 CcKN23970

GO TO (440c450+04L40,46601+1C0M CHN?>3980

640 MG = M5~ CHD?23690

IZGTI(NLION} = [ZGTI(NLZON)~} CHD24000

NZFNINLZCN)Y = NZEN(NLZON)-1 CHD24010

GO 1O 490 CHD24020

450 NLZON = 1 CHD24L(G30

MG = MG -] CHD24040

GO T0O 490 CHD?2405%0

460 1F (NCEN(MG-1)-NCSNI{MG-1)1=1) 470,470,480 CHD24060

670 IBS{MG-1} = [IBS{MG) CHD24070

I1BE(MG=1) = IBE(MG) CHD24080

[ZGINLZONs1) = MG-1 CHD?24090

NZENM(NLZON) = NZSN{NL2ON} CHD?4100

NZSNINLZON) = NZSNINLION)-1 CHD24110

MG = MG-1] CHD24120

GO T0 490 CHD241130

480 NZFNINLZON) = NZSNINLZON) CHD24140

MZSNUNLZON) = NZSN{NL2ON})~1 CHD24150
NCFNI(MG) = NCSN{MG) CHN24160 :
NCSN{MGY = NCSNIMG)-1 CHMN24170 7
NCEN{MG=1) = NCEN(MG=-1)-1 CHD24180 -

IBE(MG-1) = IBEI(MG-1)-) CiiD241990

490 CONTINUE tHD24200

ND(]1) = ND(1)=1 CHD264210

XLEFT{NN) = XLEFT{IYS)+SN1 CHD24220

MNOD = NN CHD?24230

NN = NN-1 CHD24240

1YS = ND(Y) CHD?425%0

SCHECK = D«S*DELX(1YS) CHD24260

SN1 = XLEFT(MNOD)-ALFFT(1YS) CHD24270

DISTL(IYS) = Q. CHD24280

DISTL(MNOD) = 1. CHD24290

DELX(1YS)=1, CHN24300

RETURN CHD24210

END CHN24320

—eten
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- FOR GFCOMsGPCOM
SURROUT INF GFCOM
COMMON /RLOCKA/

1ABSNRP(10)
?RSTAR
ACOEFT(ay10)
4CPBAR
SEFCOLC
6HOFM(10)
TMATOMN
BNNSAVF
GPARTINGIOL
1QGPCOM

?REORDV(4410)

ARHOVI10)
4SLOPE(CLO)
SwF2Z
6XMASS
7XMODT R
COMMON /RLOCKC/
1RLPRFSG(20+11)

»ARSC
WCCPC LG
s CONDC
fCPC
sEFCCLS
sHCOM
+MATMNF
sNRDIV
oPHIT
»QSUBL
+RHOSZ

' SABL
»TMELT(10)
sWF(205)
s XMDCTC
s XMDOTS

CHD24330

FHPN?24340
+ATTENC +ACTENS sACTENVI(4410)s CHD?4350
yCCPGLAL) 9 HARPT(101) +CKC{.) s CHD24360
»CONDVI100) sCONST4»10) +COVERXIIN0D) o CHN?24370
yCOV(100) »DIFRFC WUUMATER(10) » CHD?24380
JEFCOLV(441019FMIS(10) yEMISC sy CHD24390
s HCOMG +1ISUBR sMAT (100} s CHD24400
s MN ' NN s NNP y CHD24410
sNREND 'NRGN sNST s CHD?4420
s GBYRAD » ICOMR WNEXTR s CHD?44730
sRECPRO »REORDC sREORDS s CHD264440
»RHOR (305 yRHOCPY (101) +RHOC s CHD?24450
»SABLC »SDOT »SDOTC ¢+ CHD24460
v 782 »TS(205! « TRCHAR ¢+ CHD24470
» XCHAR s XINIT s XLEFT(101) » CHD24480
s XMDOTD s AMDOTG » XMDOTL v CHD244S0
WXTOTAL »IXVIRGL]10Y) s XZONE CHD24500

cHN26510
s COMMAYX sCUTNFF WoF(20s11) CHN24520

L]
2FILOWI204511) +HCONVIZ2Ns111sIFRROR » JUNCT L s CHD24530
IN +NOSECH »yQBACK yQUONV(20+1i)+sQGAS(20+11) + CHD24540
4oM1sC »TIME s TPRINT s TWALL (20911 ) o XIWALL(20011) CHD24550
SXIR(20011) CHD24%60
IF (TIME-450e) 10920920 CHD24%70
10 CONTINUF CHN24580
XX0E=423144 CHD24590
XMDOTA=PHT#HCONV (N9 ) #XXOE CHD24600
XMDOTR=XKOERDIFREC#XMDOTG/{RETAR+1.E~10) CHD245610 5
QGPCOM=HCOMG*AMIN] { XMDOTO» XMDOTH) CHD?24K20 '
RETURN CHD24630
20 CONTINUF CHD264840
QGPCOM=0, CHD2%650
RFTURN CHD24560
FND CHD24670
)
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© = FOF ARINGARTN

SUPRNUT INF GRINIIG) cHN26680

Cnuns CHARM SURROUTINE IN CHAP -~ JULY 1086 VERPSION CHD26690

C LISTING FOR GAUDFTTF B528 TAPE CHNP24T700

CAVMON /8L 0CKA/ CHN?4710

JARGORP (10} sARSC yATTENC yACTENS sACTENVIAL10) s CHND24720

2RSTAR WCCPC LA 2 CCPGIL4) sCHARPT(101) »CKClG) s CHD24730

ACOEFT 410 +CONDC yCONDV(100) sCONSTI410) +COVERX({100) » LHD24740

LCPRAR 2CPC COVI1N0) +DIFRFC sUMATER(1IO) » CHN24T80

SEFCOLC PEFCOLS +EFCOLVIas10)9EMISI10) s EMISC » CHD24760

GHGFM1C) yHCOM sHCOMG *HSUB sMAT(100) » CHD24770

TMATOMN »yMATMNF W IN + NN sNNP s CHD?24760u

SENNSAVFE sNRDIV +NREND yNRGN aNST s CHD?24790

SPARTIN(1C1) »PHI »QBRYRAD s QCNMA sOFXTR » CHN24800

10GPCOM »OSUBL +RECPRO yRPENRDC +REORDS v+ CHD24810

2RECRDVI44101 9RHOSZ sRHOS (2G5 *RHOCPX({1N1}Y +RHOC » (HD?24R20

ARHOV(10) 2 SABRL » SABLC 2 SDOT »SDOTC s CHD?4813Y)

4SLOPE(1Q) »TMELT(10) 2752 1 TS(208) + TRCHAR v CHD24840

SwWFZ s4F (2051 » XCHAR P XINTT +XLEFT(101) s CHD24850

AXMASS »XMDOTC P XMDOTD P XMDOTG + XMDOTL s CHD248B50

7XMDOTR + XMDOT S o XTOTAL +XVIRG(101) s XZONE CHD24870

COMMON/RL OCK C/ CHN?24880
1BLPRES(204+11) » COMMAX yCUTNFF sFL20,11) » CHD?4R90 ,
2FLOWI?C+11) sHCONVIDO0s11)sIERRGR s JUNCT sL s CHD?4900 4
N +NOSECH +QBACK sNENNVI20311) 2NGASL20911) » CHD?4910 :

aQMIsC s TIME »TPRINT sTWALL(20911) o XIWALL(20s11)s CHD24920

5XIR(20+11) CHD24630

COMMON /RLOCKJ/ CHD24940

IFLUXI(200)sTEDEPL200) o XEDEP(101)+EDEP(101) 4NTFDEPY CHN24950

- 2NXFDEP s ITEPFPLEDFLUX(100) CHN24960

COMMNON /BLOCKK /NN +OCOND (205 CHN249TH

( COMMON/BLOCKN/COORD CHD?24980

COMMON/BLOCKXR/DIFC(4)sEROC(4) +ERODE CHD24990

COMMON /CHCOM/ DTAU, IBE(19)» IBS{10), IBSPN» CHD25000

1IGTYP(10)s IHDNI(G), M 1ZB(13), 1ZG(3+101) CHD25010

212GT(3) JRSW, NCSN{10)» NSHL. (31 NSHR(3), CHD25020

AINZEN(1) NZSN(13), RHN1(308)s RHOP(30%)s RHOI(410) CHD250720

4! sTEMPAD (2N8 ) 4 TEMPAA(4L42) + TEMDALILY?) +TEMPAR{206G) CHD25040

) DELX(1001+DISTLI120),DUM  (10),1COM, CHD?25050

6IYSeLFT oMGoMDUMSNCEN{10) eNCUTsND(2) JNLZONSSNeSNT s CHD2%0690

7SCHECK . CHD25070

. COMMON /DACOM/ A(42), CHD25080

: 1ABVAL s ABVALMIABVALSBL42) 4C{42) CCL265)9COND(42) CHD?25090

N 2CONDX »CONDXXs DU(42) +DD(205)+DELTX(101)¢DGASDQ> CHD25100

IDTAUL »DTAUS oDTAUX »sDTF+DTRI3) sEDFXoFDFXXoFMI(42) CHN25110

LETAWETASyFHT (42 )9 FHTIXsFHTXX 9GAGC+sGAST oGK ¢GXsGY 9G2 s cHN25120

SHDA{S5510) s IBSPMyTERRy IGC s IGL S IGLDsIGKYTIGRL o IGT1GY CHN?2%130

GIHYSHINEGsINL1IN2sIP s IFELUSHITERSITERT»IXeIY212Z9JeJBEy CHD25140
TJIBEMs JBEX s JANDL 9 JBND2 v JBS 9 JBSMe JRSPM» JBSPN ¢ JBX s JRXX s JCEN » cHD25150 i}
BICENM JCSN s JCSNM o JE 9 JEY ¢ JE2 4 JHDN s JHDNT s JLSW s JSLABs UX0 JZ s CHD25160 .
SK1sLANDIDsLRTsMARKsNADD(42) sNASWINBNDSTsNBND1{11) rHD25170 -
INBSWeNDCoNDCMsNLSW(10) s NOF s NOTTIME sNPBSWoNPEINs>NPS2NsNPTSW CHD25180 ;
2NRIDINRIDCINRSW(10) 9NRZONSNSLAB(10) +NSLABH{10) oNSWINX3Ws CHD25190 2
INZONINZONCHIONE s PST s QOSAVESOTOUTsQTOTAL sREFCTR¢SBK s DN » CHD25200 p

4SDCTNsSNEsSRASTARSTAUOUT s TAUSTI3) o TAUL s TAU2 9 TAUZ Sy TEMPA CHD25210

¢
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C RO s e,

TN

RTEMPS TR ) s THREE W TAC o WFP A WF X s AFXX o X o XMC Oy Y SAVE
DIMENSTAN NANDD(10) yNHDNT )
FQUIVALENCE (NBNDI(2)WNBND2FT )
EQUIVALENCE (THDN(2)YsNHDNI1) )
JRS = [RS(IG)

JRASM = JRS-1

JLSW = Nt SWIIG)
JREW = NRSW{IG)

JF1 = NSt ABH(I1G)

JE = JE1+4}

JE2 = JE1-1

JBNPY = NRADLI(IGY-1
JBND2 = NBND2(IG)

IGL = Inr-1
JRF = [RF(IG)
JREM JRE-1}

U]

JCSN = NCSNIUIG)
JCEN = NCENIIG)
JCSNM=JCSN-1
JCENM = JCEN-~1
IGC = IGTYP(IG)
JHDN = NHDN(IGC)
JSLAB = NSLAB(iG)
JRSPM = [RSPN+JCEN
JBSPN = JBSPM-1]
RFTURN

END
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CHD?57220
CHN25210
CrN25240
CHD257250
CHN?25260
CHD25270
CHD252R0
CHD25290
FHN?25200
CHD?25310
CHD25320
CHN?253130
CHN?5340
CcHN?25350
CHN?5160
CHND?25370
CHN?253R80
CHD?25390
CHD25400
CHD?5410
CHD25420
CHN?25430
CHD?5440
FHN25460
CHD?25460
CHN25470
CHD25480




- ASM INITLINTY
REGNAM

C{1)sINIT® X4 RYY,OAVF
MESEA MIDOF S+ (SLY STUFF?)
MESFA MIERRSs+(J DIAGT)

SAVE J 0
END N

Rt F2N .-
~

B ooy s

v

rHN25490
rHN25500
CHD25610
CHR?5%20
CHD25570
CHD25540
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- FOR 1TFRA,ITCRA

LRROUTINF i TERBUTaxT 97 3PsFCToTOL o1} CHD?5%50
Ti=t CHD?5560
PO 4 N=14100 CHD25 70
T2=FCT (T1eX1eZ »P) CHD25%80
TA=FCT (T29X147 +P) CHN?25590
TF(T21)1041410 cHN25630
10 TF(ARG((TA=T2)/ T2 )= M1 )R,4" 4 CHN?25810
1 TFIT2=-T111102011 CHN?25620
11 Az (T2=To)/(T2=-T]) CHN?25630
IF{A~141202413 CHN25640
2 T1=713 CHD25650
GO TN & CHD25660
3 Q=A/(A-7a) Ho?25670
T1=O'T.“\"(10—Q)'T“‘ CHD?56~10
[FIT1164244 CHN?25690
4 CONT INUF cHNZ5T00
WRITE (651000) CHD25710
1000 FORMAT(1HO4OX33HCONVERGENCE NOT ACHIEVFD IN ITFRS) CHD25720
WRITE(E+2000)T1eX1sZsP CHD25730
2000 FORMAT(1HO3O0X4HT = F1Ne4+5XSHX] = E10eb9s8X4HZ = E10e4s5X4HP = E10.CHD25760
14) C+4D25750
L) T=T2 CHD25760
RETURN cHNI%TT0 .
END CHD25780

P

P
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- FOR

fWReIWR

SURRDUTINF IWRI(ZsTeX 1)

A:SQnO./T
A=z(2s=2"'#(2.5¢A/(FXP(A}=14))
R=1,+104200,/T7:

TFlZ-1e21616+3°

[Fi2-2e)594 4
LERT=165924(30L200442<424800C.)/T
GC 10 7 ‘
ZE“T'—‘A*.?’Bi‘(Z'I.Z"‘3-*201500-/1’)
GNH 10 7

IFRT=A4(2-1.)%8

XTI = ,0KRB5%TR(ZFRT4Z)

RETURN

END

€KN25790
CHL.25A00
CHE5810
CHD?5820
CHN?58130
CHN25840
CHD25850
CHD25R60
CHD?5870
CHD?5RAN
CHD?5R90
CHN25900
run2%010
CHD25920

dond i wad - % b




- FOR LLP.Li "

FEUNCTION L1 CHN?5910
COMMNAN sCCNMy TTAL, IBF (101, 18S(10) IRSPN, CHN?2%5940
116TYP(160Yy  IHDN(G), M, 1ZB( ), 126135100 CHD?59590
212GT (%), JISA NCSN(12) NSHEL {30 NSHR{3) CHN25%960
ANZENIY, NZSN() QHO1(120%)e RHNP (20513 RHN2LL10) CHD25970
41 WTEMPAZ (P05 ) s TEMPAX(42) s TEMPAL(42) »TEMPAR(2051), CHD>5980
5 DELX(T10NoDISTLIICGY DU (101,17 "M, CHN?5990
61YSsLFT oMGyMOUMINCEN(T101 sNCUT oHD12) s NLZON 2SN SNT CHD26000
TSCHFCY CHNP26010
IF (J=1C02) Ss66 CHN2£02D
5 NZON=N CiiD26020
LLp=J ~HD26040
RETURN {HD26CSC
6 IF (J=187) 7488 CHN26060
7 NZON=} CHD28NTO
GO 10 9 CHN28080
R NZ2NN=? CHD26N90
S ¥=J-17R{NION} CHDY6100
erz/6 CHD26110
LLD=NZSN(NZON) + XX CHN26120
RFTURN CHD26130
END CHD2614G




- FOR MAINIMAIN

COMMON /BLOCKC/ USER(220) +CUC IMAX £HD26150
COMMON /RLOCKA/ FILLI{42T7)9MAT(100)4FILLZ(3)sNNINNPSFILLAIS)yPARTICHD?6152
INCIG1 ) oFTLLG(492) 2 TS(208) CHNY6187
COMMON 7DACOM/ UPPED(972) NASW UPSIT(RA) +TAUT CHN26160
COMMON /TABCOM/ NDOTS{4) TIMELIII00) s TIME2(100) +TIMEI{100) CHN26170C
1TIME4 {1201 sDSTEPI100) +PSTEP (17019 XRI(10CsRH{100) cOMUE100T » CHD26180
2TT(1001+PPI3001sFFI1031,AST(100) \ CHD26190
DIMENSION TITLE(12) sNAMF(2) CHN2&10%
TPRINT=C, CHE26200
NTABT = CHN?6210
TEND=1F6 CHD?26220
TAL1=0, ] CHD?25230
#T0=0 CHD26237
READ 754990) TITLE . cHNY5715
WRITE (449923 TITLE CHD26238
3 CONTINUF CHD26240
READ (5+1000) NTABsNTYP CHD26250
NTABT=NTABT+] CHD26260
1=1 CHN?6270
INFRST=1 CHN?6280
5 CONTINUE CHD26290
GO TO (30+20930+40)NTAB CHD261300
10 CONTINUE CHD26310
READ (%91010) TIME)(1)+DSTEPII) CHD26320
TIMEZ = TIMF1(1) CHP?6330
GO TO 50 CHD26340
20 CONTINUF CHD?625%0
READ (5+1010) TIME2(I)4+PSTEP(]) CHN26360
; TIMEZ = TIMEZ(I) CHD26370
' GO TO 50 CHD?5380 3
30 CONTINUE CHD261390 3
GO TO (33438)4NTYP CHD26400 3
33 READ (551010) TIME3(11sXRI{TIJoRHII) sOMULT) CHD26410 :
60 TO 37 CHD26420
26 READ (541010) TIMEZ([)sTT(1)RHIT) CHD?642N
37 TIMEZ=TIME3( L) CHN26440
NASW=NTYP , CHP26450
GO TO 50 CHD26460
40 CONTINUE . CHD2647T0
READ (551010} TIMEG{I}+OP(I)4FF{I)4AST(T) CHD?26440
TIMEZ=TIMES4(]) THD26490
50 CONTINUE CHD265%00
GO YO (67+50) 4 INFRST CHN26510
60 IF (TIMEZ=TIMEY) 7C+70+65 CHD?26%520
62 'NFRST=2 CHD26530
65 CONTINUF CHD26540
[=1+1 CHD26550.
TIMEY=TIMEZ CHD26560
GO T0 5 CHD265T0 ;
70 NDOTS(NTAR)=]~-1 CHN26580 i
TENND=AMINY (TEND ¢ TIMFY) CHNY 6890 H
IF (NTABT=4; 380,80 CHD?6600
80 CONTINUE CHD26610
NDOTSX=NDOTS (1) CHN26620
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9¢

110

111
112

113

160
102

104

106
108

109

WRITE (6+1020) (TIMEY(I)sDSTEP(I)s12] sNDOTSX]
NDOTSX=NCOTS(2)

WRITE 16¢1022) (TIME2(I)1sPSTEP(I)ol=19sNDOTSX)
NDOTSX=KDOTS(3)

GO TO (9N,:98) yNASW

CONTINUF

WRITE (£+1024) (TIME3(I)sXRI(TIsRH(T)sQMUIT) 1] sNDOTSX)
NDOTSX=NDOTS (&) :

GO TG 98

CONTINUF

WRITE (6410260 (TIME3(I)+TT{1),RH(I),12]+NDOTSX)
NDOTSX=NDOTS (4}

NTINUE

WRITE (6910281 (TIME4(T)sPPII),FF{I)sASTIT)s12]14NDOTSX)
COMMAX=] ,F-6

WRITE (6+1030)

NNP=0

CONT INUE

NN=NNP

READ (54,1031 MNOsNAME ,wIDE 4NUMERO
IF (MNO) 1124112,120

NNP =NNP +NUMERD

NN=NM+1

WRITE (6+1C33) MNOsNAME »W1DE 9 NUMERO
OWIDE=W IDE/FLOAT (NUMERO)
MTO=MAXO({MTO9MNO}

DO 111 J=NNsNNP

MAT () =MNO

PARTINC J)=NWIDE

CONT INUF

GO TO 99

NN=NNP

NNP=NN+1

READ (551032) TS(1)

DO 113 J=1+100 2
TS(JY=TS(1)

CALL OUTPUT {MTO)

GO TO 109

IF¥ (1,000012TAUL=TPRINT) 10491025107
CALL WRITE
DPRINT=TBSTEP(TPRINT»TIME2+/PSTEPsNDOTS(2))
TPRINTSTPRINT+DPRINT

CONTINUE

1F (TEND-1+00001%TAULl) 10651065108
CALL EXIT

CONTINUE

DPRINT= ,PRINT-TAUL

DTEND=TEND-TAU1
COMMAX=TBSTEP(TAUL s TIME]L sDSTEPJNDOTS(1) }
COMMAX=AMIN] (COMMAX sDPR*NT ¢ DTEND)
SET=1.E-62TAUL
COMMAX= AMAXY ( COMMAX » SET)

CONTINUF

CALL CHARM

G0 TO 100
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CHD26630
CHD26640
CHD?645%0
CHD?6660
rHN26670
CHND2668R0
CHN26690
CHN26495
CHD25700
CHD26710
CHD26720
CHD?26729Q
CHD?26760
CHD26748
CHDP26749
CHD26750
CHD26751
cHD26752
CH'D267%3
CHD26754
CHD26755
CHD2675%¢&
CHD26757
CHD267 %8
CHD267%9
CHD26760
CHD26761
CHD26762
CHN26763
CHN26764
CHD2676%
CHD26766
CHD26757
CHD26768
CHD26769
CHN267TTH
CHD26771
CHD267T2
CHD?6772
CHNZ26774
CHD26780
CHD26790C
CHD26800
CHD26810
CHD26820
CHD26R30
CHD26840
CHD263%0
CHD26860
CHD26870
CHD26880
CHD26890
CHD2689%
CHD26500
CHD26910




N

990 FORMAT (12A6) CHD26913

992 FORMAT (4X12H TITLE~-== 12A6//} CHD26917
1000 FORMAT (2110} CHDP26920
1010 FGRMAT (4F1060} . CHDZ6930
1020 FORMAT (1HOGX3SHCALCULATION TIME STEP CONTROL TABLE/IOX4HTIMETX, CHD2694y

19HTIME STEP/19XSHUSEC i 8XSHISECIZ(F25429F1%,4)) CHDZ26965
1022 FORMAT (1HO9X29HPRINT TIME STEP CONTROL TABLE/19X4HTIMETX, CHN26950
19HTIME STEP/19XSHISECIBXSHISECI/(F25e29F12,4)) CHD?6958
1024 FORMAT (1HOs9223HSURFACE HEAT FLUX TABLE/ CHD2696u
119X4HT IMEBXBHRECOVERY3X1SHHEAT TRANSFERIXOHMISC HEAT/ CHD26970
231XEHENTHALDYEXGHPARAMETERSX1IH TO SURFACE/19XSHISEC)IEXSHIBTU/LBMICHD26972
33X SHILBM/FT2~-SEC)IXIHIBTU/SEC) /(F2542eF1322¢F1345+F1503)) CHD26977

1626 FORMAT {1HO»9X25HSURFACE TEMPERATURE TABLE/19YX4HTIME6X]1HTEMPERATUCHD26980
JRE2X13HHEAT TRANSFER/44XOQHPARAMETER/19X&H{SEC)7XTHIDEG RI4X] 34 (LBMCHD26981
2/FT2-SECI/(F25424F1%029F13,5)) ! CHD26987

1028 FORMAT (1HOs9X&4H DCAL STATIC PRESSURE AND F_OW CONTROL TABLE/ CHD26990
119:0eHT IMESXIHLOC PRESSGX4HFLOW4X]12HLOCAL STRESS/16XSHISEC)SXOH(LBFCHD26991

S/FT2)6XaH~= 1 5XH(LBF/IN21/(F25e29F13:49F8s09F13e41)) CHD286992
1030 FORMAT (1HIOXOHMATERIALS///715X36HMATERIAL NAME THICYNESS NUMBERCHD 266913
1 OF/33X4M(IN) TX5HNODES) CHD2699%
1031 FORMAT (1190¢2A59F18,4,4»1101) cHN26997
1032 FORMAT (F10.4) CHD26998
1033 FORMAT (13Xs1HII191H)2A6+,F10:4419) CHD2 7000
END - CHD27010

-
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LVARALT [NE MO WT “HN2TNDA
COMMON /RLOCKA/ FHND TN20
1ABSORPL 1O 2ARSC yACTENC yACTFNS sACTENY(4+10)s CHD27040
2B8S5T4R yCCPC L4 +LCPGLGY sCHARPT(ICY) »CKC(4) » CHN?27050
2COEFT(4210) +CONDC »CANDV(100) yCANST{4 910 H»COVERXEINO0O) s CHD?TNGO
LCPRAR 1 CPC COVI00) 'DIFRFC s IMATER(10) s THN2T070
SEFLOLC st FCOLS SEFCOLVIALs10)sEMIS(T0) sEMISC » CHNP>708R0
6HOFM(10) sHCOM yHCOMG yHSUR WMAT (1N0) « CHN2>T090
TMATOMN s MATMNF s MN L s MND s CHP2T100
BNNSAVE +NRDIYV +NREND ' NRGN +MST s CHD?27110
SPARTINIICY) sPHI »OBYRAD 'y OCOVR WNEXTR s CHD27120
1C 2Com 2 QSURL sRFCPRO sRFORNC sRPFORDS » CHNP2T7130
2REQRDVI 4,101 40HORY +RHNR {2NR) +RHNCPX{101) SRHOC ¢« CHD?27140
1HAV(10) »SARL »SARLC +SONT »SNOTC y THNR2T150
GSLNOF (TN T TMELT (1N 2 T82 +TS(2Nn5) s TRCHAR v CHN2T14D
EWF 7 'WFI(208) o XCHAD sXINTT WXLFFTLINYY s CHR2TITN
&XMASS s XMDNOTC s XMDNTH »XMDNTG e XMDOTL s CHD?7180
IxMDOY R P XMDNTS WXTOTAL +IVIRG(1INY) W XZONF CHD? 7190
COMMON /7 OCKC/ CHD2T200
TALPRES(20511) » COMMAX yCUTNFF 2F{20911) y CHD27210
cFLOW(20+11) +HCONV(20+11'+1ERROR s JUNCT oL s CHD27220
N sNOSFCH »QBACK INUONVIZ20911) oNGAS(26G411) o CHD2T220
Lnn1sce »TIME yTPRINT +sTWALL(20¢11) o XIWALL{20511) s CHD27240
53 IR(20+11) CHD272%0
COMMON /RLOCK )/ FHN2T260
IFLUXT(PCC)eTEDEPIDONY s XFDEP({101)+FNEP(101) sNTFDEPY THD2T>TC
2NXFDEPS ITFPFPLFDFLUXLTION) CHE?2T2R0
COMMON /RLOCKK/NN1+QCOND(205) CHN27290
COMMON/RLOCKN/COORD THN27200
COMMON/BLNCKR/DIFC{4) sFROCL4) +ERNDF CHR?>7210 -
COMMAON /CHCOM/ DTAU, IBE(101V ¢ IRS110) IRSPN, cHr, 71220 :
JIGTYR(10) IHDN(4) M, 1ZBR(), 12G(25,0) CHN2T7230 -
212GT{(3) JRSW, NISHN(10) NSHL {3, NSHP (2}, THD? 7340
3NZEN(3) NZSN{ %) » RHO1(308)s RHO2{208)s RHO2(&41C) CHD?2 7250
41 sTEMPA2 (205 ), TEMPAZ(42) +TEVPALI42) sTEMPASK(2051), CHD2 7160
5 DELX(YIO00) «DISTL(100)sDUM  {10),1COMs CHD2 7370
SIYSeLFT osMGsMDUMINCEMN(10) sMCUTNDI3) JNLZONSSNsSNY » CHD27380
7SCHECK CHD?72190
COMMON/NUCOM/ NADA CHN27400
1EM{42) CHP2T6410
COMMON /DACCM/ A(42) CHN2 7420
1ABVAL sABVALM;ABVALSBL42) +Cl42) CCU708)+sCOND{GY Y CHD2 7420
2CONDX »CONDXXs D(a2) +DD(20%)eDELTX11011sDGASDQ CHD? 7640
3DTAUC »DTAUS sDTAUX +DTF«sDTR(I)2EDFXSEDFXXsEMI(4L2) CHD27450
GLETAZETAS FHT(42) sFHTXsFHTXX yGAGC 9GAS1 9GK 9GXsGY G2y CHD2 7460
SHDA{S 410 s IBSPMeIERR ICCHIGLYIGLDINRRVIGRLLIGT 1G22, CHD27470
GIHYS o INEGINYI S IN2»IP IPLUSYITERWITERTsIXel1YolZ 99 JRE CHD27480
TJIBEM s JBEX 9 JBND1 2 JBAND2 9 UBS 9 JBSM s JRSPM ¢ JBSPN y JAX ¢ JRXX s JCEN o CHD27490
BJUCENMy JCSN o JCSNM JE 9 JE1 9 JE2 s SHDN 9 JHDMT o JLSWe JSLAR Y UX v UZ s CHN2T7500
9K 1+sLANDIDsLRTyMARK s+ NADD(42) yNASWyNBNDSToNBNDY (21 ) CHD2 7810
INBSWINDCosNDCMoNLSW(1G) yNOF s NOTIME sNPBSWoeNPEININPS2NWNPTSWy CHD27520
2NRIDINRIDCINRSWI{10! sNRZONSNSLAB(10) yNSLABH(10) sNSWINXSW» CH 275130
INZONsNZONCsCONEsPSTI v QSAVE s QTOTHsOTOTAL +REFCTRSBK+SON» CHU2T540
4SDOTNsSNS9sSRAYTAR s TAUOUT s TAUST(3) o TAUT s TAU2sTAU2Ss TEMPA CHD275%0
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20

30
40

50
100
205s

2190
215

2130
250

STEMPSTU ) 9 THREE s TUO s WFP g WF X 3 WI XX o X1 o XMCOMy X CAVE CHAN2 1840
COMMON  /NASCOM/ CHARRQOcAIRM, FHR2THTO
1CARBNY (2081 »CARBNS {20513 SILCAYIDP0R) »STILCAS(208 ) +PYROIPNS ) 4DER(2NS)IHD2TT RO
2+HYD(2085) s AERO(205) s AERN( 2051 sBURNI205) o WFDI(2CS)» WDFP{20):wST(20CHD2T7590
38 yWBRNI{205) yEMWT (2051 4PRGI 206} CHD2 7600
Gy TIMEXEZ0IeTFTIBO)NPTS CHD27610
5sPORI20%)sPFRMYI205)1 +PERM2( 20519 VISC(208) sCCONIRHOTSsCART LeSILTSe THD27620
6PORTSPERT1IPERT2+CCOHsDCOOsDCOPY sDCODPDCOST oDCOCMIDCONWTFXH»CFXOCHD2T7630
TCEXPY s CFYDP s CEXST 2 CA XM CFXNWDIFON( 208 ) 9 SGX (205 CHD? 7640
BoALLGAS({205) +GRAF1(205)+GRAFS(205) +ySPEED(2051sDIFCHI?205) 4DIFR(205)CHN2T6%0
9.VISC0oVIS?NoAFgBF-5lLICA-REO.PMh"DMwnHMW.AOMW.,\NMWvSHW-BNHyCX(é)rHD?7660

DIMENSION NBND2(10) yNHDN(3) CHPD 7670
EGUIVALENCE INBNDI{ZVWNBNDZ(1 ) CHDZ? 7680
FQUIVALFNCE (IHDN(2) +NHDNI(11)) CHR?2 769y
EQUIVALENCE (TEMPAI(Y) TS i of(DELTAX{]1)sPARTINI(I) CHD27700
DIMENSION CELTAX(1).TEMPAI(Y) CHD27710
DO 100 1G=IGR¢MC CHP2T720
CALL GRIN(IG) rFHN?2T7730
IF (IG-IGR] 3093020 CHI 27740
CONTINUF CHR27750
ALLGAS{JRSI=ALLGAS({ JRPEX) CHN2T7&0
EMWT(UBS) =EMWT (JRF X CHN?2T7770
K¥=JBS+1 CHN2T780
GO Y0 40 CHD27790
KK = RS CHN?TROG
DO 80 =«Ks JBF CHN?2 TR0
ALLGAS(J)Y=PYRO(JIHDEP(JI+HYD( JI+AERD{ JI+AERN(JI+SOX(JI+BURNI(J} CHN27820
1+41.E-20 CHD27830
EMWT (J)=ALLGASIJ) /(PYRO(J) /PMW+DEP({ J) /OMWHHYD { J) /JHMW+AERO(J) 7AOMW CHD? 7840
1+AERN(J) 7ANMW+SOX(J) /SMW+BURNI{ J) /BMW+ 5 ,F~22) CHD2785%50
CONTINUF CcHD27860
JBEX=JBE CHDZ 7870
CONTINUF THE2TABO
IF (IGR=1) 20542034210 CHD?7890
1GRL=1 CHP?27900
GO YO 215 CHN27910
IGRL=IGR~1 cHN2T7920
CONTINUF CHN27930
JBEX=IRS(IGR) CHD27940
DO 250 1G=1.IGRL CHN27950
CALL GRIN(IG), CHD?2T7960C
PO 230 J=JRSy»JBE CHN2TS70
EMWT () 2FMWT ( JBEX) CHD?27980
ALLGAS ()Y =ALLGAS(JBEX) CrHN? 7996
CONT INUF CHN28000
RETURN CHD28010
END CHD28020
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- FOR FCAPF PCAPF

FUNCTION PCAPF{K) CHD?8030
Casaan THL PCAPF SUBROUTINE CALCULATES THE DENSITY=-SPECIFIC HEAT PRODUCHD280490
DIMENSTION NHDN(3)y RPHOL(7206) CHD?8D50
DIMENSTION DFLTAX(]1)y TEMPALI(Y) CHN28Nn60
COMMON /RLOCKA/ CHN?80T0
1ABSORP(10) 2ABSC s ACTENC sACTENS +ACTENVIGS10) s CHD?2B0BO
2BSTAR 2CCPCIGY 2 CCPGILA) s CHARPT(101) »CxC(4) s CHD28090
ACOEFT(4910) »CONDC »CONDV (100) sCONST{4910) sCOVERX(100) s CHD?28100
LCPBAR s CPC »COUM{100) +DIFREC sUMATER({10) s CHD283110
SEFCOLC sEFCOLS sEFCOLVI410) vEMISIEL0) »yEMISC sy CHD28120
6HOFMI 10 +HCOM » HCOMG yHSUD sMAT (100! vy CHD?8170
TMATOMN PMATMNE P MN NN 'NNP s CHD28140
BNNSAVF s NRO1IV +sNREND yNRGO oNST » CHD?8150
PARTINI101) »PHI »QBYRAD »yCCOMA »QEXTR s CHD28160
10GPCOM »QSUBL sRECPRO +PEORDC sREQRDS v CHD?28170
2REORDVI(4,y 10) »RHOSLZ yRHOS5(305) sRHOGPX (101} »RHOC vy CHD28180
3RHOVI(10) »SABL »SABLC »SOOT »S0OTC t {HD28190
4SILOPEL1D! P TMELT(10) o132 2 T5(205) + TRCHAR » CHD28200
SWwFZ 'WF(205) » XCHAR sXINIT oXLEFT(101Y » CHD282Y0
6XMASS » XMDOTC »XMDOTD 2 XMDOTG *» XMDOTL s CHD2R220
TXMDNTR » XMDOTS v XTOTAL 'XVIRG(101} » XZONFE CHN2824C
COMMON/BLOCKC/ CHDZ282aY)
1BLPRES(20+11) » COMMAX sCUTOFF sF{20911) s CHD?28250
2FLOWL204911) +HCONVI20+11)9IERROR » JUNCT (18 » CHD28260
N sNOSECH »QBACK sQCONVI20911)90GAS(20911) » CHD28270
&OM1SC s TIME s TPRINT sTWALL(20s11)oXIWALLI{209110s CHD?8280
SXIR(20+11) CHN28290
COMMON /CHCOM7 DTAU IBE(10). IRS{10! IBSPNy CHD28300
11GTYP(10) s IMHDMI{&), ™, 12ZR(2), 12G(2410)» CHD28310 -~
212GT(3) JRSW, NCSN{1Q)V» NSHL (3) s NSHR{3) (HD28320 %
AINZEN{Y) NISN(3) RHO1(30%)s RHOZ(305%)s RHO3(410Q) CHD281330 _—
41 »TEMPA2(205) s TEMPA3(42) s TEMPAL(42) +TEMPAS(208%) CHD28340
5 DELX(100)sDISTLI100Y:DUM {10),41COMy CHD28350
SIYSsiFTaMCoMDUMINCEN(1CIsNCUT NG (3) oNLZONsSNsSN1» CHD?283640
TSCHECK CHN?8370
COMMON /DACOM/ A(42) CHD28380
1ABVAL sABVALMPABVALSeBI42) +C(42) » CC(205) +COND(42)» CHD28390
2CONDX s CONDXXs D(42) +DDi208) 4DELTX{101)9DGASeDQ CHD28400
3DTAUC sDTAUS +DTAUX sDTFsDTRU3)SEDFXIEDFXXoEMI(4L2) CHD28410
GETASETASFHT(42) oFHTX o FHIXX ;GAGC 9sGAS] 9GK aGX9GY 9G2y CHD28420
SHDA{S+310) s IBSPMyIERRYIGCoIGL 2 IGLDYIGRYIGRLIGTIG2 CHD28430
SIHYS+INEGEINI s IN2sIP o [PLUSYITERSITERToIXvIYeI s JeJBE CHD28440
TIBEM JBEX s JAND ;s JBND 2+ UBS s JBSM JBSPM s UBSPN 9 JBX s JBXX s JCEN» CHD28450
BICENM o JCS™N o JCSNM e JE v JEL 9 JE2 o JHON o JHONT o UL SWo JSLAB s UX 9 U2 s CHD2846
OK1ILANDIDLRT9MARK 4 NADD (42) ¢ NASW oM. yUSTaNBND1(11) CHD28470
INBSWINDC o NDCMoNLSW(10) sNOF sNOTIME sNPBSWeNPE INsNPSINRF - SWe CHD28480
ZNRIDSNRIDCINRSW{10) ¢+ NRZONSNSLAB(10) +NSLABH{10) sNSWaNX5SWe CHD284%0
ANZONINZONC:ONE +PST s QSAVEsQTOTIQTOTALJREFCTRSBX93DN s CHD28500
4SDOTN SRS »SRASTARSTAUOUT o TAUST(3) s TAUL o TAU2 sTAU2Ss TEMPA CHD28510
ETEMr TT(3) 9 THREE o TWO o WFP s WF X o WFX X o X ] 9 XMUOM ¢ XSAVE CHN28520
COMMOM /NASCOM/ CHARROsAIRM, CHD28%30

1CARBN1 (2051 9CARBNS120%)sSILCAL1(205)+SILCAB(20%5)+PYRO(205)+DEP(20%5)CHD28840
29HYD(205) yAERO(20%) sAERNI205) +sBURN(205) s WFD {205 s WOEP(20%)sWS1{20CHD28550
%) JWRRN({205) ¢EMWT(208) 4PRG(208) CHN?28%560

v s T
b




4o TIMEXIS0)sTFTIS50)«NPTS

CHD28570

5+POR{205) sPERM1{205) +PERMZ 1 2051 s VISC(205) sGCONSRHOTS+CARTSsSILTSs (HD28580
&PORTsPERT1PERT 29DCOH+DCOS +DCOPY +DCODPsDCOS!I sDCOCMIDCONs CFXHCFX09CHD28590

TCFXPY 4 CFXDPsCFXS ™ CFXCMGCFINSDIFCHI205)950X(205)
8+ALLGAS(205) sGRA 205}
EQUIVALFNCE (IHD ) s NHDNIT ] 3}
EQUIVALENCE (RHO3(1073)+RHOG 1))
EQUIVALENCE (TEMPA1(1)seTS(1))o(DELTAX(]1)+PARTINIL})
EQUIVALENCE (MNODsNNP)
NIMENSION AREAT4Z2)~AREAVIG?)
EQUIVALENCE (RHOCPX(44)4AREA 11 9AREAV(43))
KL=JBSM+¥
GO TO (13a7+7)9JRSHW
T CPC = CCPC{1)+TEMPA3(K)I#{CCPCI2)1+TEMPAIIK)®({CLCPC(3)
1+TEMPA3(K)®CCPC(4)))
CPC=CPC*{CABN1'KL)+GRAFLIKL)+STLCALIKL ) ) /RHQOC
13 CPV = COEFTI1s1)4TEMPAI(K)I#ICOSFTI2+1)+TEMPAIIK)#
1(COEFT(3+ 1 }+TEMPA3(K)I*COEFT(4y ')
CPV=CPV#RHO3(K)/RHOVI )
GO TO (15+17s17)9JIRSW
15 PCAPF = CPV
GO TO 18
17 PCAPF=CPV+CPC
18 PCAPF=PCAPF#DELTAX(IM)®AREAV(K)/ 'DTAU+1.E~-20"
RETURN
END

CHD2860C
CHD?8610
CHN? 842N
CHD28630
CHD285K40
CHD28650
CHD?286%0
CHD28670
CHD28680
CHD28690
CHD?8700
cHN28710
CHD28720
CHD28730
CHD28740
CHD28750C
CHD28760
rHN28770
CHD28780
CHD28790
CHD282300
cHMD28810
CHD28520

?



- ASM PIexUP,PreKLID

Plexime < AD s WRY SAVFE A0 FHN28R830
L A0y 1481 SET ADDR TO FItLL THN?2B8RA4LN

Syl AGsPICK Y CHN28RK0

L AN, %N 4R PICK UP LNC TN Plckyp FHN2BAKN

SeHL AD»PICK? e SET ADDR 19 PleKyUp CHN?B8RT70

Plc. 2 L ATt -% PICKUP CONTENTS CHN28880
Plexl S AC»3-% MOVF rHN28890
L AQ» WNRK RESTORF AO CHNR?8800

J 29R1] RETURN CHDN?28910

WORK RFS ] CHN?289720
JFRCTO FHNY?8930

PEGNAM FHN2894N

FND . CHN?8a50
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- FOR POROsPORD

SURROUT INE PORC CHD28960
COMMON /RLOCKA/ CHN28970
1ABSORP(10) vABSC yACTENC yACTENS yACTENVI(4,10)y CHD28980O
?B5TAR »CCRCL4) yCCPGIGL) sCHARPT(101) »CkCl4) + CHD?8990
3COEFT(4510) +CONDC sCONDV (100!} sCONST(4»10) »COVERX(700) s CHD?9000
4CPBAR »CPC sCPV(100) yDIFREC sUMATER(1IO) s CHD29010
SEFCOLC sEFCOLS sEFCOLVIa»10)9EMIS(10) W EMISC y CHD29020
6HOFM{10) yHCOM yHCOMG s HSUR +MAT(1C0) y CHN?2903D
TMATOMN yMATMNE s MN s NN sNNP s CHD29040
BNNSAVE sNRD1V sNREND sNRGO oNST sy CHD29NEN
QPARTIN(1N]1) 4PHI sORYRAD sy OCOMA sNEXTR s CHN290K0
10GPCOM »QSUBL sRECPRO sREORDC »REORDS s+ CHD?29070
ZRCORDVI&, 10 sRHOSZ sRHOS (3081  sPHOCOX (1011 «RHOC + CHD?29080
3RHOV(10) »SABL s SABLC s SDOT sSDOTC sy CHD29090
4SLOPE(10) yTMELT(10) 2 TS2 2 TS(205) s TRCHAR » THD29100
SWFZ sWF{2085) s XCHAR s XINIT s XLEFTH101) » CHD29110
6XMASS »XMDOTC » XMDOTD s XMDOTG s XMDOTL y CHD29120
7XMDOTR » XMDOTS s XTOTAL sXVIRG(101) +XZONF CHN29130
COMMON/RLOCKC/ CHD?91406
1RLPRES(20,11) s COMMAX yCUTHFF 2F(20s511) y CHD?2915%0
2FLNW(20411) #HCONVI20s11) 9 IERRNR » JUNCT sl s CHD29160
3N s NOSECH »QBACK sQUONV(20+11)4QGAS(20,511) 4 (CHD29170
4QMISC » TIME »yTPRINT sTWALL(20911) s XIWALLI20911)s CHD29180
SXIR(20+11) CHD29190
COMMON /BLOCKJ/ CHD29200
IFLUXI(200)sTEDEP(20N) o XFDEP( 1011 +EDEP(101) 4NTFDFP, CHN29210
2NXEDEP s ITEPEPSEDFLUX(100) CHD?29220
COMMON /R UCXK/NN1+QCOND(205) CHN29230
COMMAN/RLOCKN/CCORD CHN29240
( COMMON/BLOCKR/DIFCL4) sEROCI4L) +FRNDE CHD29250
COMMON /CHCOM/ DTAU, IBE(10y IBS(10) IBSPN, CHD29260
1IGTYP(10)s IHDN(4) 1M, 128(3), 12G(25101%» CHD29270
212GT(%. JRSW, NCSN(107 NSHL(3) NSHR{13), CHD29280
ANZEN(3), NZSN(3) RHO1(305)s RHO2{305)s RHO3{410)» CHN29290
41 sTEMPA2(208) 2 TEMPAR {421 s TEMPALI4LD?) sTAEMPAK(205) CHD29200
& DELXCI0N) sDISTLI10C)»DUM  (10),1COM, CHD?291310
6IYSILFT oMGsMDUMINCEN( IO} sNCUToND{2) yNLZANISNsSNT » CHD29320
T7SCHECXK CHD29330
COMMCN /NUCOM/ DX(205) s XNHD{205) oNADA(42) yMATA(205) CHD291340
1EM(42) CHD2913%0
COMMON /DACOM/ A(42) CHD?29360
1ABVAL »ARVALMABVAL SsB(42) sCl4Y) CCUL2068)sCONDI42 Y CHN>9270
2CONDX s CONDXXs D(42) sDD(208 )1 oDELTX (1Y) 4DGAS NN, CHM29280
ADTAUC +DTAUS +DTAUX +sDTFeDTRI3)+FDFXsEDFXXsEMTI (42 CHN?29390
GETASETAS FHTILZ ) s FHTX sFHTXX sGAGCsGASL1sGKsGXsGY sG2 CHND29400
SHDA(5+10) s !B8SPM«TERRIGCsIGL s IGLDsIGRsIGRL s IGT+1GD, CHD29410
6IHYSs INEGoINIsIN2yIPy IPLUS»ITERSITERT»IXs1Y 12 9J9sJBE CHD29420
TJBEMs JBEX + JBND1 »JBND2 + JBS s JBSMs JRSP 43 JBRSPN 4 JRX s JRXX s JCEN'» CHD2%430
BJICENM» ICSNs 1CSAMy JE 3 JET 9 JE2 » JHDN s JHDONT » SLSW e JSLAB UX s U2 CHD29440
OK19sLANDIDILRTIMARK sNADD(42) 4 NASWINBNDST oNBADYI (11 ) CHN?29450
INBSWsNDC e NDCMsNLSW(10) s NOF sNOT IME 5 iDBSWeNPEINsNPS2N 4NOTSW o CHD29460
2NRIDINRIDCNRSWI{]10) s NRZONSNSLAB{10) +NSLABH(10) ¢NSWINXSWs CHD29470
INZONINZONCIONE s PST2QSAVEsQTOT»QTOTAL +REFCTRsSBE s SON» CHD29480 :
4SDOTNsSNS»SRAITARSTAUOUT s TAUST(3) s TAUT»TAU2+TAU2Ss TEMPAs CHD29450




BTEMOGT (V) g THREF o Tnl P arlF X g WF XX o X1 g AMTOMy X CAVE CHN?9570
COMMON /NASCOM/, (HARRD A IRM, (HER29510
1CARANT(Z0% )+ CARBNSI{2023) o STLCALIIDS) «STLE ASII0R) ,PYRO(INR ) JDFP (208 "HNI9520
FeHYDI 0B Y SAFRNIING Y JATRNIDI06 ) sAURNI ORI s AFN (278 )y WNFPR{DMEY 4 WST(20rHN2952(
18) G WARN(P058) s FMAT (DR ] 4 PRG( 205 rHN29540
By TIMEX{ RN WTFT{SN ) oNDT" rHN29580
EOPOR(205)QPFR“1120‘1vPEpMZ(?OS)vVISr‘7OF)vGFJN;RHOTSvCARTSobILTS- CHD29%60
6PORTHPERTIWPERT 24D 7 NH W DCOGIRCNEY 4 DCADP»DCOST S LCOCMDONN, TFXHWCF XN CHD? 9876
TCFXPY yCEXDP o CF XS] 2 COEXCMGCRFXNGNIFON(INE) 4 SOX(20S) FHN?2%40
8+ALLGAS(PCS)sOGRAFIIDPNR) 4 GRAFS(D05) 4 “PFIDI205) NDIFCH{P0R1 ,DIFR(205)1CHN29590
GeVISCAIVICION AR yAF y ST ITAsREN GDVIW G IMA s HM g ANMA g ANMY o SMY yBMW L CX L /ICHD2 9400

PIMENSTIAN NANND 17 ) (NHON( ) THN29610
FAttTUALFMCE EMRNDY 19 JMANDD Y 1) CHN294A20
FOUTVALFENCE (THDN({D2 1 o NHDPNTT ) FHN29/20
RIMENSTION TEMPALT() CHN, 3640
FOUIVALFNCFE {TFMPAT(11,,TS(1 ) CHN29450

GO TO (10+29910)aJR R CHD?29.,60

10 PORI[UJUY=1e=iRHMITUJISRHNAC) /RPHNTS CHD?29670
N oTn 3n “HN?29680

20 POR{J)=1e=SILCAYIL V' /O1LTS—(CARRNYI(JI+GRAF1(JY)/TARTS CHN 9400
20 HOLD=PAR( J)/PORT CHN?9700
SAVE={14=PORT1I /(1 ,=PCR(J)} CHN2Y9710
SERMI(J)=HOLN*SAVF cHD29720
ERMY1 (J)=PERMD { J) %2R HOLD#PERTI# (14, 314%TEMPAT (" ##] .4/ (PRG(J)I+1.CHD29730
1E-151) CHD29740
PERM2( J)=PERM2 ( J) *HOLD#*PLRT? CHD29750

C INSFRT VISCOCSITY DETFRMINATION CHN29760
VISC I ) =VISCOR(TEMPAYT 1YY /VISCONYE, 7 CHP?29770
RETURN CHD29760
END ~HN2%790

168




- FCR RFCEFPWRFLEFD

SURROUTINE RFCFENITOMPA) CHN?29R0O0
COMMPY /RUOCYA/ rHN?29810
1ABSORP (101 +ABSC YyACTENC PACTENS YACTENVIL1D)y CHN29A20
/BSTAR 2y CCPC{a) WCCPGILLY SCHARPPT(101) »0xCL4) vy CHD?9R30
3COEFT(4910) +CONDC «COMDVI100)  »CNNSTL4+101 SCOVERX(320) s CHD29840
4CCBAR sCPC sCPVI100) +DIFRFC sUMATER(1INY , CHD?9850
SEFCOLC WEFCOLS WyEFCOLVIL, 10 sFMIS(10) yEMISC v CHD29860
6HOFM( 10 WHCOM yHCOMG » HSUR sMAT(1)G) v CHD?9870
TMATOMN »MATMNE M s NN sNNP » FHN29880
BNNSAVE sNRDIVY YyNREND yNRGN sMST vy THN298990
OPARTINI(101) oPHI »OBYRAD »yOCOMA WNEXTR s CHN?9900
10GPCOM +QSUBL WyRECDPRO +PEODBDC yRFORDS s CHD?2991N
2REORDVI L300 sRHOSZ yRHOS (30%) sRHOCPX (101 4PHOC v CHD?29920
IRHOV(10) s SABL s SABLC 2 5D0T »SDOTC + CHD299390
4SLCPEC1IO) P TMELTOIO) s TS2Z 2 TS(205) s TRCHAR » CHD29940

SWFZ WF {20853 + XCHAR +XINIT yXLEFT(101) » CHD?9950
6XMASS » XMOOTC s XMDOTD P XMDOTG e XMDOTL s CHD?9960
TXMODTR s XMDOTS s XTOTAL »XVIRG(101) »XZONFE CHD?9970
COMMON /RLOCKC/ CHD?2938N
TRLPRES(?20,11) »y COMMAYX sCUTNFF yFI20511) ¢« CHN?990QQ
PFLOW(20411) «HCONV(?20+11)+IERROP s JUNCT oL s+ CHD20000

3N sNOSECH 2QBACK PACNNV(20+11)90GAS(204+11) » CHD20010
4QM1SC s TIME sTPRINT s TWALL {20911 o XIWALLI20s11Ys CHD30020
5SXTR{20+11) CHD20020

‘ COMMON/RBLOCKR/DIFCI4) 9FROCI4) +FRGDF CHPN20040
C CHD20050
C CHN20060
C XMDOTR 15 SPELLED XMODTR IN COMMNON, WATCH THIS WHEN CHD20070
C EXAMINING DUMPS AND WHFN CODING. CHN30080
C CcHD30099
C CHD20]00
EXTERNAL FRFC CHND30110
IFIXMDOTGIZr2s4 CHN10120

2 XMNOTG=0, CuPA01 130
NIFREC=0, cHN20140

GO TO € - CHD30150

4 OMG=ALOGIXMDOTGH*TWALL (NsL ) #%, 5% (12#%(1oFE4/TWALLINSLI)) CHD30160
1/7(RLPRESINIL)I/211662:1/243026 CHD30170
DIFREC=DIFCI1)+ONMGX (DIFC(2)4+0OMG*(DIFC{2)+OMG*DIFC(4) 1)) CHD30180

6 YMDUM=BSTAR#HCONV(NJL ) CHD20190
XMDOTD= XMDUM=XMDOTG#*M IFREC CHD20200
IF{XMDOTN=1.E=-6110+10s20 FHN20210

10 XMDOTL=0, rHN10220
GO Y0 30 CHN30230

20 DR=EFCOLC*(BLPRES(NsL)/710077.: %%#REQORDC CHD20240
. XMDOTR2DR*EXP(-ACTENC/TEMPA) CHD4502%0
Y XMODT R=XMDOTR CHD30260
IF{YMDOTR=14F=6)10910925 c4n3n27o

25 RUUM=XMDOTD#BSTAR**REORDC/XMDOTR CHD30280
ROUM= (PHT#HCONV (N L) +XMDOTG) /7 XMDOTD rRN302Y90
RX=1e/BDUM CHD30100

CALL ITERSI(RKSREORDCIRDUMsBDUMFRECs14E~-s11) "CHDA0310
XMDOTL=XMDOTD# (1 e ~BDUMRRK) /(] +RK) CHD301320

30 DS=EFCOL S*XMDUMS (BLPRES(NsL)/211642)##{-REORDS! CHD20131130

s s
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XMDOTS=NS#EXP( -ACTFNS/TFMPA)
TFIXMNOTC~1,F-6140+40,50
40 X¥DOTS=0, .
50 XMDOTCeXMDIOTL+XMDOTS
RFTURN
END

CHN130340
CHN20350
CHD20360
CHN30370
4N310380
CHD130390

»



- FOR

Cruss

2720

272%

2727

2730
2740

RHNGH y RHAGR

SURBAUT IMF  RHOTR (v 4X( ) ~HN104L00
THE RHOSR SUBRCUTINF FINNGS DATA NFFNDFD FOR DFNSITY CAITULATIONSEHNA0L]D
PIMENCINN DFLTAX(1), TFMPAYT 1 run28420
DIMENSION AREACI T oFMAME1130C {11 4RATFIY )9 RPHNGLY) oWFD(Y) rEN206410
coOMUMNY /B DCKA/ FHN10a40
1ABSORP(10) yABSC sACTENC ¢ACTENS ¢ACTENV(G4W10) s rHN30450
285TAR +CCPCI4) yCCPGIG) P LHARPTLI0N)Y 47K C(4) v CTHD10460
3COEFT (44,101 +CONDC WCONDVII00)  #(DNCT{441I0N) HCAVERX(I(0Y 4 CHDIOL4TO
4CORAR W CPC 1 COV100N) yDIFnFr WIMATFR{1NY o FHNDI04LRARD
SEFCOLC WEFCOLS yEFCOLV(4y10)aFMIc(10) sFMISC « CHHDA0490
&HOFM( 10} 1HCOM P HONMG s HEH IR WWATLIND) v CHN2A0SOO
TMATOAMN yMATMNFE 9 MA} «MN sATMD s THN20%1D
8NNSAVE sNRDIV sNREND ' NRGO sNST ¢+ CHD0520
2PARTIN(101) +PHI yQBYRAD » QCNMA PNFXTR s CHE3I0530
1QGPCOM 1GSUBL yRFCPZO »RENPDC sREARDS » CHN20540
2REQRI:. . 49 10) sRHOS2 'RHOGK (305 sRHOCPX{101) oFRHNC s CHN20550
IRHOV (101 »SABL »SABLLC »SNOT »SDOTC s CHNI0KKC
4SLOPE( 10 yTIMELTI0) 2752 s TS(3 & » TRCHAPR » FTHN20KTO
SWF2 yWFI208) yEXEHAR sXINIT sXLEFT(1C1) o CHN20KRG
6XMASS s XMDOTC »XMDNTD » XuDOTG W1 XMDOTL s THD30R90
TXMDOTR »XMDOTS 'XTOTAL s XVIRG(101) s XZONE CHD20K00
COMMON /CHCOM/ DTAU IBE(10)» IBS(101) IBSPN CHD10610
1IGTYP(10) THON(4) M, 128031, 1ZGL2410) CHDI0620
2126713}, JRSW NCSN{101) s NSHL(3) NSHR(31}, - D30630
ANZEN(A) NZSN(3) RHOY1(308) s RHMOP(208)y RHO?2(4101) CHD20440
41 sTEMPAZ2(205) + TEMPAI4Z) 9 TEMPAL(42) ~TEMPAS(208), CHN30650
5 DELX{10C)sDISTL{100) DUV (10} ,1COM, CHN10660
6IYSILFT M3 eMDUMINCEM(10) sNCUTIND (31 oNLZONSSNsSNT» CHD20870
TSCHECK ChD206680
EQUIVALENCE (TEMPAY1(1)sTS{11}2(DELTAX(1)sPARTINI1)) CHD306%0
EQUIVALENCE (EMBM(1),PCt]1))} CHP30700
EQUIVALENCE (RHO3(1063)sRHO4(T)) CHNA0710
FOUIVALFNCE (WF{11sWFD(1)RATF(1)) CHRNAOTO 0
EQUIVALENCE (RHO3(307)y PCl11)s (RHNA(IK0Q) ,ARFAC(1}) CHR20720
ONF = {3,3RHOI(KL)I+RHOS(KL)Y /4, rFHNA0740
ARFAC(KX)=0, CHR2QTR0
THREE =0, CHD3GT760
IF (ONE=1+E=10) 2727+2727+2720 CHD207T70
CONT INUE CHD30780
NO 2725 J=142 CHD30790
ITWO = =EFCOLVIJs 1 I12EXP(-ACTENV( 1) /TEMPAY(K)) CHD0R0O0
ARFAC(K) = TWORRHOI (KL )*#REORDVIJs] 1 +ARFAC(K) CHN20R10
THREE=TYWOUREORDV{ Ve 1) #ONE#® (RECRDV( Jol ) =14 ) +THRFE CHD130AR20
CONTINUF CHD2083%0
CONTINUF CHD30R40
EMBM(K) = ]1.~THREE®*DTAU/2, cHN308%50
IF (XiL—-208%) 2730+27409274C CHD2086&0
RATFE (KL )=THREF CHPNA0AT0
CONTINUVE CHD20880
RETURN cHD30890
END CHD30900
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= FOR SHIFTYe3MIFTI

SUBRCUTINF SHIFT] (NZOMs NLRs INCOM)
Canne THF SHIFT] SURROUTINF INTERPOLATFS NFW VALUFS NFFDED FOR NODE
Cease ADDITION TN A 20NF

DIMENSIAN NRDN(YY; PHOG(1064)

DIMFNSION DFLTAX(]11s TFMPAL{Y)

COMMON /RLCCK A/

1ABSORP(10) +ABSC s ACTENC T ACTENS yACTENVIG410i
2BSTAR WCCPC LW yCCPG(A) yCHARPT(10)) +CkC(&) ’
3COEFTI4910) +CONDC sCONDV 100! +(CNANST(410) +COVERX(I100)
LCPBAR yCPC OVIION) sDIFRFC sUMATFRI10Y
SEFCOLC 2WEFCOLS sy EFCOLVIG 10 eEMIS 10! sEmMISC ’
GHAFM(10) THCOM +HCOMG s HSUR sMAT(100) .
THATOMN oMATMNF *MN s NN +NNP »
BNNSAVE sNRD IV 'NREND aNRGN +NST »
GPARTINI101) +PHI *QBRYRAD » QLOMRP 1QEXTR ’
10GPCOM WQSUBL 'RECFRO sREORNDC +REORDS ’
2REORDVI G410 3RHCS2 sRHOS {30F) YRHOCPX({1C1) sRHOC ’
IRHNVILD) s SABL +SABLZ ' SDOT s SDOTC ’
4SLOPF(LI0) sTMELT(Y10) 2782 2 TS5(20%) + TRCHAR ’
SwF2 sWF (205} » XCHAR sXINTT sXLEFTI1011
& XMASS s XMDOTC 1 XMDOTD »XMDNTG ' XMDOTL ®
TXMDOTR  XMDOIYS s XTOTAL WXVIRGIYIO) s XZ20ONF
COMMON/RLOCKC/
1BLPRES(20+11) » COMMAX 'CUTOFF sF(20s11) e
CFLOW(20011) »HCONVI20211)91ERROR » JUNCT ol *
IN +NOSECH *QBACK 'QUONVI20911)s0GAS{20+¢11) ¥
el R RN o 2TIME s TPRINT s TWALL (20911) o XIWALLI209)1)
SXIR(20511)
COMMNON 7CHCOM/ DTAU, 1BE(101) JRS(10) TRSPN,
11GTY® (101 IHDNIG) 1M, 1ZR(3), 12G(24101}»
212GT{ 3}, JREW s NCSN{10) NSHL{3) NSHR(3)
AINZEN(3) NZSN{1) s RHO1(20%)» RHOP(30%)s RHO3{4101)
41 sTEMPA2 (20512 TEMPA3(&42) s TEMPALI42] +TEMPAR(20%)
5 DELXC100)+DISTLITI00) eDUM  (]0) 4 1COMs
LIYSel . FTaMOIMDUMINCEN{10) oNCUTWND(3) oNLZONIsSNsSN]
TERCHFCK

COMMCN /NASCOM/ CMARROLAIRM,

CHD30910
CHN30920
CHN30930
CHDA0940
CHNP20950
CHN10960
CHD30970
CHD30980
CHD30990
CHN31000
CHD31010
CHD31020
CHD11030
CHD21040
cH4D21050
CHD31060
CHD2107¢
CHD31080
CHN31090
CHN31100
CHD21110
CHNS1120
CHD31130
CHD31140
CHD31150
CHD21160
CHN31170
CHD121180
CHND31190
CHN21200
CHD31210
CHD121220
CHD312130
CHDA1240
{HNI12%0
CHN11260
CHD31270

1CARBN 1 205) 9CARBNS (12051 9SILCAYI1205)+4SILCAS(205)+PYRO(DP05)DEPI205)CHD31280
2+HYDE 0% ) s AERUI205) s AERN{ 2351 9BURN( D98 ) sWFD (2051 WDEP(205) +WST{20CHD3I1290

35) oWBRN{265) »EMWT (205)4PRGI(205)
GoTIMEXISO)#TFT(5C)sNPTS
SsPOR(205) sPERM1 (205) yPERM21205)sVISC(2C5) sGCONIRHOTSsCARTSSILTS

CHD313190
CHD31310
CHD31320

6PORT «PERT Y +PERT2HyDCOHDCONIDCOPY 4DCNADPINCNST 4DCOACM4DCOM CFXHsCFXNWCHD31330

TCFXPY sCFXDPoCFXST s (FXCMyCFXNSDIFCNL205)450X1205)
BsALLGAS(20%) ,GRAF) (205)

FQUIVALENCE (IHDN(2)sNHENTI )Y

EQUIVALENCE (RHO3(103)¢RPO4I(1))

EQUIVALENCE (TEMPALI (1) «TS{1))o(DELTYAX{1)sPARTINI(1})
FOUIVALENCE (MNODJINNP)

REAL MARY

NONF = [MCOM

JHDN s NHDN{NZON)

GO YO (920+30)sNLR

10 NSHR(NZON) = NONE

CHN31340
CHDA1180
CHN31360
CHD31370
CHD31380
CHD31390
CHD3139%
CHN31400

"CHD21410

CHN31420
CHDA14%0



20

22
2%
30
3%

40

50

69
65

67

70

I =2 1ZGTINZON)
16 = JZGINITNTUL)

16X = [6+]
GO 70 2
NSHL (NZCNG = NONE

16 = 1240520N+1)

NONF = =NONF

16X - 16-1 )

IF (NONF) B0+8C»2%
NZONX = 1GTYP{IGX)

KHDN = NHDNINZONXI

NTWS = NONE#JHDN

GO TO (=0+40)sNLR

X = IBF [GI1+HTWO

1Y = 1B&( IGX)+NONE#KHDN

12 = IBSPN+NCSN{IGX)+NONE

WFD (IX)=WFD (1Y)

WDEP( *X)=WDFP(1Y)

WSI (IX)=WSI (1Y)

WBRN{ IX)eWBRNI(1Y)
FMWT(IX)I=EMWT{]Y)

WF  (IX)=WwFCIY)
GRAF1(IX)=GRAF1(1Y)
TEMPAY(IX) = TEMPAL(IY)
TEPA2(IX) = TEMPA2(1Y)
TEMPAS(IX) = TEMPAS(1Y)
SILCAI(IX)=SILCALILY)
CARRNI(IX)=CARBNYI(IY)?
GO T0 60

I1Xx = TRS(IG)

1Y = IBF(IGX)

12 = IBSPN+NCSN{IG)

1F (JHDN~KHDN) 65465:70
NTHREE = kHDON/JHDN

DO 67 J=]1+NTWO

1X & 1X=}

1Y = JY-NTHREE

WFD (1X)=eWFD (1Y}
WOFPLIX)sWDFP(TIY)

WSl (IXI=WSI (1Y)

WBRN( IX)=WBRN(IY)

EMWT{ IX)=FMWT(]Y)

WF  LIX)oWF{1Y)
GRAF1/IX)sGRAF1(IY)
RHO1( 11X} = RHO1({1Y)
ARHO2( IX) » RHO2(1Y)
SILCAYUIX)aSTILCATLLY)
CARBN1( IX)=CARBNI (1Y)
TEMPAL(IX) = TEMPRI(1Y)
TEMPA2(IX) = TEMPA2(1Y)
TEMPAS({IX) = TEMPAS{]Y}
GO 10 80

NTHREF = JHDN/KHON

FIVF = 1,/FLOATINTHRFE)
KNTY = O

CHD31440
CHD31450
CHN31460
CHD31470
CHD31430
rHN31490
FHN315C0
FHN31510
CHN31520
CHP31530
CHN21840
CHD315%50
renalssl
S LEV A
rHNYl )
CHD31S ,
CHNY1600
CHD1610
CHD21620
CHN11620
ryun11640
CHD21650
CHD21560
rHNA14670
rHN31680
CHD31690
CHN31700
CHD31710
CHD21720
CHN21730
CHDA1T40
CHD21750
CHD31TLO
cHD21770
031780
CHD31790
CHD21800
CHD21810
cHI1=31820
CHD?18130
CHD11840
cHD31850
¢HD21860
CHD31870
CHD11AR8R0
CHN21A90
CHD31900
CHD21910
CHD31920
CHD31930
CHD21940
CHD?195%0

‘CHD-1960

cHN31970
CHD31980
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71 xNT = 0 CHD31990

T2 ONE = (TFMPALLIY) -TFYPAS(IY-1) ) #FIVE CHD32000
TWO = (TFMDAD (1Y I=TINMOAP([Y-1))aF ]yt CHN32010
HOLD=(STLCA (1IYI=-STLCAT(IY=-1) ) #FIVF CHN12020
CSAVF=z (CARANY (Y )=CARANY (1Y-1))2F [VF THNA20%C
GARY=(WFN (1Y)1-WFD ([Y-)1)eFTVYF CHN22040
HECT={WNFP (1Y )1-WDEP(lY-1))8F IVF CHD12050
MARY= (WSl {IYI-WS] (IY-1)1eFIyF CHD22060
CRUZ=(WRARNI(IY)-WRRN(]Y-]} %Ff[yF CHR42070
CLIA=(EMWY (TYI-FMWT([Y=-1))4FIVYE CHN32080
TIENDAS(WF(IY)-WF{IY=-1))*FlyF €4AN22090
CINF=(GRAFI(IY)-GRAFI(1Y~1))%FIVF 032100
TF IKNTY 73,71,7¢6 rHN12110

73 U = 12 FHN32120
GO 1O 7% rHN221130

76 JX = 1Y CHD22140

75 Ay = 1Y CHD32150
THREE = (RHC1(JUX}-RKOI(IY~-3))*FIVE , CHD22160
FOUR = (RHO2{JX)-RHO2(IY~1})#F]VF CHD32170
{x> 76 J=1sNTHREF CHDIZ2180
IX = IX=) CHN?2190
RHO1(IX) = RHOY(JUX)-THRFF rHN32200
RHO2( I1X) = RHOP{JIX)~FOUR CHD*2210
SILCAY(IX)I=SILCAT(JY)=-HOALD CHN42220
CARBNIUIX)=CARBNI(JY)~SAVE CHD12230
TEMPAIUIX}Y = TEMPAY(JY)}-ON7 CHD32240
TEMBAZ(IX) = TcMPA2(JY)=-TWO CHD?2250
TEMPAK(IX) = TFMPA2(IX) CHR2260
WFD (IX)=WFD (JY)=-GABY CHP2270
WDEP( IX)=WDEP(JY1=HFCT CHD12280
WS1 (IX1=WS! (JY)-MaRY CHN32290
WRRN( IX)=zWBRNI(JY)=CRUZ CHN312300
EMWT( IX)=EMWNT(JY)=CAJA CHD3231)
WFIIX) =WFIJY)=~TTENDA CHD32320
GRAF1(1Xt=GRAF L JY)~CINF CHD1321130
JX = 1X CHD32240

76 JY = JX CHD32350
YNT = KNT+1 CHD32360
Iy = 1Y=-1 CHD32370 -
IF (KNT-KHDN) 72,78,78 CHN321380

78 12 = 12-1 CHD32390
KNTY = KNT1+] CHD32400
1F (KMTY~-NONE?! 71,8080 CHD22410

80 REFTURN CHN32420
END rHD3244¢C

s
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- FAR CHIFT 2 yHIFT)
( SURRNAUT INE SHIFT) 02440
Cecne THE SHIFT2 SUBRQUTINE DOFS SHIFT OF VAL'IFS IN Z2NNFC fHN12450
DIYCNSINN NHDN{ )y RHOL: 2NG) Hh124kD
PIMENSTION DFLTAX{Y)e TIMPAYI(TY FHN22470
COMMON /AL DK A/ FHR24R0
1ARCORD (10} LARSC VACTFNC WACTFNS WACTENV(LLYINY, CHDA249N0
JRCTAR WCOPC LG WCCDG L)Y SCHARPTIIOY) ofvC(a) v CHNA2&NHN
ICOEFT L4101 sCONDC yCONDVETIOO) s (NRST(441NY o2 E0xii00) 4 CHD22R O
LCPBAR WCPC sCPVI100) sDIFRFC WIMATER(IIN) o (HD2282(0
REFCOLC fEFCOLS YEFCOLV L IDYsFMI 570} sFmice sy FHNH?2D 20
&HAFME 10D rHCOM s HCOMG sHO P yMAT 1N s CHNA284N
TMATOMN s MATMNF »MN A MNP » FHN228&(0
ANNSAVFE sNRDIV s NOFNA »eonn T NSQT s FHNA2GEN
SPARTIN(IOY) 9PH) s ORYRAD L fOEXTR s FHNIZ2ETH
1QGPCOM s QsURL s RFZPRO IPNC WRENRRS ¢ FHN22EQ0
2REORLCVI(L+1C) 4RHOS2Z WRHNG {20E ) DCPXI'CY i o HOC » (HD228QQ
3RHOVI10} s SABL 2 SaBLC noT  SDPOTC s CHN212600
GSLOPE(TI) yTMELT(Y1C R RYA v o rlzs) (RCHAR » FHN2410
SWFZ »WF(205) » XTHAR sY Pl 7 FTO10N0 » FTHDI2670
&XMALS 2 XMDOTC yXMDA YD »YMDNTH PR ey & CHP2820
TXMDOTR s XMDOTS WYTOTAL WYVIBG(INYIY e 7OMF CUrAIReLD
COMMNN/RLOCKC/ FHRIZLED
1RLPRES( PN, 1Y) s COMMAX yCUTNFF XL IARR v (HIEIEAN
2FLOW( 20911 +HCONVI20911)4+1ERROR +» JUNCT (18 s C(HD22470
IN sNOSECH »QBACY sOUONVIZ20+11)140GAS(I20411) » CHD2228C
LOMISC o TIME »TPRINT s THALL (20011 o XIWALLI(DD9110 e CHDI2690
SXIR(20s11) CHD32700
CoOMMON 7 HCDOM/ DTAU, IBE(10) 1850101, TRCONM, CHN227 10
11GTYP({10)s THDN{ &), 1M, 12811y, 12G602,10), FHPA2720
212GT{3), JRSW, NCSNL10Y NSHL (31, NSHR (%), rHN2T70
, INZENT2) NZSN{12), RHOY(208)e RHOZ(20/8)y RHO?{410) CHNA2740
{ 4] sTEMPA2(205) o TEMPAZ(42) s TEMPALIL?) oTEMPARIZ205), CHD2275C
) 2 DELX(100)sDISTLIIO0) sDUM  (10) 4 1COM, “HR22760
61YSeL.FT oMGIMDUMINCEN(10) ¢NCUToMD(2) sNLZON9SNoSNT o CHD3I2770
TSCHFCK CHD22780
COMMON /NASCOM/ CHARROAIRM, CHN22790

1CARBN1{205)sCARBNS(205)+SILCAYI(205)+STLLAS(208)+PYRN(D08) DFP{275)rHN3I2R00
2HYDRI205) sAERO(206) 4 AERNI208) sBURNI2NR Iy WFD (2061 WNFPLDAR) 4 WST (207HNA2R10
IR) SWBRN (05 ) 2EMWT (208 ) 4PRG( 205 ) CHMA2850
LeTIMEX(SD)eTFTIS0)NPTS CHD22R2D
SIPORI20%)sPERMI(205) yPERM2( 203 )+ VISCIQ05 ) sGCONSRHOTS«CARTSHSILTSy CHD32840
6PORT + PERT1»PERT29DCOH9DCOO s DCOPY 4 DCODP 4DCOST o+ DCOCMIDCONSCFXHICF X0 CHD32850

TCEXPY +CFXDP s CFXST s CFXCM, CFXNSDIFCOL205) 2+ SOX(205) ChNI2860
B+ALLGAS(205) sGRAF1(205) CHC32870
EQUIVALFNCE (THON{2)eNHPN(T1}) CHNA2ARRO
EQUIVALFNCE (RHO3(103),RHO4(1) FHN2R00
EQUIVALENCE (TEMPAI(1)+TSI1)ie(DFLYAX{T)aPARTIN(Y Y} CHN22900
EQUIVALENCE (MNGODsNNP} CHDA2910
DO 70 NZON=1,3 CHN2920
IF (NSHL (NZONV) 10+60+10 CHD229130
10 UMDN = NHDN(NZON) CHD32940
NONF = NSHL (NZON)#®JHDN CHN32980
JRS = 1ZR(NIZON)+NONF FHN22960
16 = IZGI(NZONy]) CHNY2970
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30

40

U = 12GTINZON)Y

16X = 12¢INZONyTUY

JBE = IRE(IGX)I+NSHRINZION) # )1inN
1F (NSHLINZON)Y 204.20930
JX = JUBF

J = -1

GO YO 40

Jx = JB8s

J =1

ty = JUX-y

IX = 1Y-NCNF

DO 8¢ K=JBS»JBE

IX = IXso

Yy = (Y&l

TEMPALT(IX) = TEMPAL{1Y)
TEMPAZ(IX) = TEMPAQ(IY}
TFMPLR{IX) = TEMPAS(TY)
SILCAYTLIX =51 CALLTY)
CARRANY{ *x i =CARBN]I{IY)
WFD (IX)=WFD (I})
WNEP(IXY=WDEP{TY)

WST (IX)1=WS] (1Y)

WBRN( IX)=WBRN(IY)
FMWT{IX)=EMWT(TY)

WF  (IX)=WF(1Y)

GRAFI( IX)=GRAF1(1Y)

RHO1(1IX) = RHD1(]Y)
50 RHO2{1X) = RHD2(1Y)}
NZSNUINZON) = NZSNINZON)+NSHLINZ2ON)
NSHLINZON) =0
60 NZENINZON) = NZEN(NZON)+NSHR{NZOM)
70 NSHR(NZON) = O
RETURN
FND
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rHn12980
rHN212990
cHN33000
CHD3301 D
CHD23020
CrHD33C20
CHD233040
CHD230%0
CHD332060
7HT33070
CHD33080
CHD33090
rHN33100
CHD33110
rHN12120
CHD331139
CHN33149
CHN*3150
CHN33160
CHD%33170
CHD13180
CHD3I319C
CHD33200
CHN33210
rHN33220
~HN33230
CHD3324¢
CHD33250
CHD33250
CHD33270
CHD33280
C4D13270
CHN3I230C
CHD33310
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- FOR

C
Cetavy

-
.

c'.lﬂ

C

SICS 1L
CURPAYUTINE 717 (v ok « TTMDAGNFLY

SINP-CARRNAN RFACTINN

COMMAN /BLNCY A

1ARSORPTY0) vABSC sACTENC yACTENS sACTENV LI
2BSTAR JCCPC L4 yCCPGLAG) s(CHARPT{101) +CKC {4} '
ACOEFT 14910} »CONDC sCONDVI100) sCONST (4 910) »COVERX(100)
4CPBAR 2 CPC WCPVI100Y WDIFRFC WHUMATERI(INY »
sEFCnLC yEFCOLS WEFCOLVIG10)sFMIS(10} yEMISC ’
EHOFV Y0 s HCOM HEAMG sHMSUR sMAT {100} .
T ATOMN s MATMNE » UN s NN W MHF »
BNNSAVE sNRDIV s NREND yNRGN WNGT s
APARTINEINY) sPHI » JRYRAD ' QCOMA WOFEXTR ’
10GPCCM »QSUBL yRECPRO sREORDC WRENRDS ’
2REDRDVI 44 17) sRHCEZ sRHNB (3058) yRHOCPX(101) +RHCC ’
WPHOY 10 » SABL s SABLC £ SDOT »SDOTC ’
LSLOPE(1ID) sTMELTITO) REYA sTS(P208) » TRCHAR ’
cwf2z swF(2n%) + XCHAD sXINTT LFFTEINYY
&XMASS » XMDOT” WP XMDOTD »yXMDATG W XMDOTL ’
TXMDOTR » XMDOTS s XTOTAL yXVIRGIINY) »y¥ZONE

COMMON/BLOCKC/

1BLPRES(I0s11) s COMMAX sCUTOFF yFI20911) 9
2FLOW{20511) +HCONVI20+11)sERRQOR s JUNCT oL ’
IN yNOSECH »QBACK sNCONVI20911) s QGASTI20011)
4emIsC o T IME yTRRINT sTWALL (2D 1 1) o XIWALL(20911 )

EXIRI?Ne11)

coMmMNN  /RLOCK Y/
1FLUXT(20C)sTEDEP (200 )« XEDEPI101) +EDFPI10Y) sNTEDEP
INXFRFEP S ITEPEPLEDFLUXL10DN0)

COMMNN /RLOTKK/NNT»ACOND(205)

COMMON/RLOCKN/COORD
COMMON/BLOCKR/DIFC{4) sFROCI L) +FRODF

COMMON /CHCOM/ DTAUS IBE(10) IRSL10) IBSPN,
1I6TYPL10) [HDN( &) » My 1ZB(3), 12GE3610 )y
212G6T(3), JRSW, NCSN{10) NSHL{2) s NSHB (1],
AINZEN(3 ) NZSN(3)s RHO1{20%)s RHN2(A06), RHNOYI(LIO0)
41 YTEVPAZ(206) s TEMDAZL42) 2 TFMPALIALD?) +TEMPARIDOG 1
) DELX(100) DISTLLI001sDUM  {10) 2 1COMy
6IYSeLFT +MGIMDUMINCEN(10) sNCUT NP (31 sNLZONsSNsSN]

TSCHECK

NIVFNSION STATFMFRTS

DIMENSION DELTAX(1)»TEMPAL{ Y}
EQUIVALENCE (TEMPALI (1) eTS{1i)o(DFLTAX(1)sPARTINI]))
COMMON /NASCOM/ CHARROsATRM,

THN23320
CHN23330
CHN213240
rHN13150
CHD?,3860
CHD23270
CHD33380
CH1229Q
HN33400
CHD3I341D
CHN13420
rHN13420
CHD13440
CHD13450
CHD33460
CHD3I3470
CHM334R0
“HMI3490
CHN23§N0
CHND23610
CHP235210
CfHN3I2630
(HP3540
CHD3355¢C
CHMPR3E LD
CHP2e ¢
[ LhEELLT
CHPAZEDC
CHDA3RDS
CHN23A1Q
CHDA34H !
CHP33¢3D
FHN23R4 T
CHP2 3G
CHN2 284D
CHNDAW ™"
CHD2 7R
CHD1 & 1]
CHRA30R
CHDA3T1C
cHRA3720
FHRANTS S
CHPR A,
CHD3 %
CHDA376¢C
CHDI3TT70

1CARBN1{205) »CARBNS(205) 9 SILCAL(205)9SILLASL205)sPYROI205)sDEP(205)1CHDIITEO
29HYD{205) sAERO (2051 9 AERN{205) sBURN(205) s WFD(205)s WDEP(205)sWSI1(20CHD33790

15 ) JWBRNI(205) sEMWT (29%) yPRGI 208)
LeTIMFXLEN)ZTFTI5019NPTS
59sPOR(20%) sPERM1 (205} yPERM2(205)9VISC(208) +yGCONIRHOTSsCARTSSILTS

CHC9380C
CHNLI8)1C
CHDINB2D

6PORTWPERTISPERT24DCOHINCODINCOPY +DCUHIDP+DCOSTINCOCMNCONICFXHICFXOCHDIIBAS

TCFXPY o CFXDP o CFXSToCFXCMoCFXNIDIFCOI205%)+S0X(205)

MDA 3840

BaALLGAS(205) sGRAF1(205) +GRAFS(205) 9 SPEED{205) +DIFCHI205)+DIFR120%1CHDIIB%0
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FsVISCOsVISCONSIAF yBF s STLICAIRFO s PMW o NDMW o HMW s AOMW 4 ANMW 9 SMW 4 BMW s CX (6 ) CHD 33860

C

WSI0?2=AF#FEXPI~BF /TFMPAI#{STILCALIKL)/SILICA)##RFN
SILCAR(KL)=STLCAIIKL)~WSTIN2%DTAU
1F (STILCASIKL)) 546145

5 SILCAS{KLY=0,
WSI02=(SILCAL(KL)-SILCAS(KL}I/ZDTAU

6 CONTINUF
CARBNS (KL )=CARBN1(XL)-WSI102#DTAU»,?
WST(KL)=WSIO2# (DELTAXIK)+DEL)#,08
RETURN
END
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CHD33R70
CHN233880
CHD33890
CHN33900
CHN33910
CHD313920
CHD339130
CHD33940
CHP239%0
CHR23Q460
CHD33970




- AN TTIRE STy F T

THoAAA
. CHN237280
LTt rr?~rrmr‘ e rHD1313990
| Al)y i q ~HNDAL000
L AN Y07
- e rHN2A4010
: 14 Aﬂ;n . CHD240N20
l A;‘—;?.;-;q CHDY4030
s STU CHD3404C
J DIAGE -
QT HD34050
STUFF3 +n '
e 'D34060
. CHD24070




- FNAR CSURZ yclIA?

CURRNUT InF TURZ7 (74T 4P) FHD2408R0

XUN=ALNGIP/D1]166e2)/743C26 CHN24090
THETA=T#( (SEREHE- 4 DRLLL %X N) CHD24100
IF (THETA-27(0e) 1w 1y ¢ cHN341i0
12 = 1, CHN24120
CHN341"°0

GO 10 3
P22 = 2af 401 ¥TANHITHETA/E00e=Ta ) 4o ®TANHITHFTA/INNCe~T7e} +TANH(THETACHD24 40

1726800 .=-%.8) CHD 34150
A RETURN CHN34160
END CHDA41I70
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T

- FOR WRITE WRITF
SURRDUTINE WRITE
JOMMON 7PLOCKAY/

'A:TENV(Q'IO' []

WCKC(G)
WTOAVERXLING)
sUMATFR(1N)
s EMIST

MAT (100
WNNP

WNST

WNEXTR
sPFORDS

Mo inld

2 SNNTC

» TRCHAR

o XILEFT(101)
P XMDOTL
+XZONE

»BLCOM{20y11
+LFNGTH(21)

oPAMR
*

1ABSARP 110} 2 ABSC yACTENC s ACTENS

2A5™ 4R Wy CCPCLL) W CPGL &) sCHARPT ({101

ACOLET (LYY L,CONDC »CNANDYV (106G fLNAMNET(4 10

LCORAR sCPC sCOVI0N) sNIFRFC

SEFCNHC sCFCALS JEFCALVIGL,y 0 sEMIST10)

oHOFM (15} PHCOM yHCOMG P HSHR
TVMATOMN P MATMNF WMN s NN

3NNGAYF WNRDIV yNREKD s NRGD

9PARTINIIC1I »PHI +DBYRPAD 2 RCNMA
iNGPCOM s GSURL yRECPRO »yRENRNC
2REORDV (445101 9RHCSZ 1PHOS (3G sRUGCPX 1IN
ARHAVI 1 »SABL 1 SABLC »SNOT
4SLNOPEL10) P TMELT(10) v 752 2 1S{015R)
eWF2Z yWFL12061) » XCHAR eXINIT

6XM LSS s XMDCOTC » XMDOTD 2 XMDOTG
TXMODTR +XMDOTS W XTOTAL o XVIRG(101}
COMMON/BLOCKB/

JALT o ufaAa +ANFACH +BETA(20)
2RIDENI?2Ds11)sy  ENT(,0011)¢BLTEM{205111o2LVELI?20411)sBLRN(2Cs11)
A9MLT SGIST(20411) HFSCOM s FSGAM

LNF I TNTEMP yNTHETA ¢NTIMF

SP- P »PTOT AL yOAMR » CSHNUL
&R{20+11) yREFCOMI(20+11) yREFDEN"2C»1 )

TREFENT(2C»11)
8RETFVISI2011)

9PTRAN +SOFS
1TTCTAL »UAMB
sXT1AMB sX15SP
3ATENMP sBLVIS(20411

€L ON /RLOCKC/

184 £5120911)
2FL_wl20511) sHCCNVIDOOs 1
aN sNOSECH
4CMISC 2 TIME
SXIRI20411)

COMMON /RLOCKND/

IALFPHA(20G) »AMBDPL200)
2BWTEST » JATNMOS
311G s IX

4 MVYTEST
SNMATL yNMATL D
6NT IME 2 yPRINT
TQINCR sQM200)
RRPRINC yRQOINC
9TEMP(7)

1TSINC1CY) »TT(200)
2XINCF s XTIME(20)
COMMON /FLOCKF/
JASTR{2uU" ) syAXLDEQ

2CEMODVI 491001 2CEXPC(4)
3CNUC (4) yCNLV g s10)
4CTENSC4)

sREFRN(20911)9REFTEM(20s11 )

sRHOA
s SWEEP
»VI15C0S
+ XLTRAN
Ve ZWALL

s COMMAX
JsIER OR
s GBACK

2y TPRIIMT

sAMRT 200}
y1PR

1144

sNK¥
'NSTRES
PUTL2C)
1LTIMEL D)
12X INC

'VI1200)
+2(200)

»CCOMSC(4)
2 CEXPVI4910)
+CERREC (4

2yCTEMSV(4510)sGP(205)

PRHAVIS
»yTHETA(TY)
2 X{20411%

» XMACH

+RNPERF

s THETSH

1 XEQ(28411)
W XY

sREFPR{?20+11 ) vHiruX

sCUTOFF
e JUNCT

F(20031)

(18

YOLONVI20911) 9QGGAS{ 204911
s TWALL (20911 o XIWALLI20011)

vAMULT (209)

+sAXLD (200

2 IPRINT(20+10)

sMELTN

s NCHARM
yNTBW
yGBAC(200)

JMELTL

sNMATLU
WNTIME
WQINCI20)

sOTABLF (692001

s T(200)
sTNT(20) -
»XINC(20)
~22(200)

»TAW(200)
yTORIBWE200)

2 CuMSY{Ho1N) yCEMCDC(4)

yCLCOEF

sCMWGASI(4)

sCSHRSV (41910) +CSTRO(205)

'PFRMC

»PIN

}

* @ ¢ 3 4 e ® W e @ e e e e

- o e w

¢ ® e w &

o * O »

CHD34220
rHN34230
CHD34240
CHD14250
CHN24260
CHN24270
CHD34280
CHND?26290
CHD34300
CHR34310
CHR14320
CHN24131D
CHDI4340
CHD24380
CHD34260
CHD24270
CHD3438C
CHD24390
CHD24400
CHD34410
CHND24420
CHND24410
CHN24440
CHD24450
CHD24460
CHD34410
CHD34480
CHD34450
CHD24500
CHD24810
CHD24520
CHD24%30
CHIM24540
CHD34550
CHB34560
CHD24570
CHIL 24880
CHN24590
CHD34600
CHN14610
CHD4620
CHD346130
CHD34640D
CHD34650
CHN2L 6460
CHPA46TO
CHND24680
rHD24690
CHD24 100
CHD34710
CHD34720
CHD34730
CHD24740
CHD34750

2V PN

P

§
!
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SPORNGC WPOROOY T sPeiv) (008} sPHSTR2{D05) PSTRIL205) » CHD34760

(RN yROTROC D% s SHRGTRIZNS ) W SSMAX(205) tRAD(205) CHD34T770
ToNSLART CHD34780
COMMON/RL OCK G/ THD34790
163010 »QRWTNT 2»QCLDI(ZD910) QCOHLD »NCONVT(20+10)+CHD3ISGAR00
PRGAST(20,1071406GLDI2CH10) +QGOLD yOMISCT 1 OMOL D CHD34810
COMUNN /ALOCK Y /NN ¢ NCOND( 206 ) CHN34ADD
COMMAN“RI ACKR/DTFCLL) 4FROCIL) o FRADF CHN24020
TOMMON /DACCM/ UPPER(BRGT) o ITFRTWMASTI T4 ) oNASWIPSTT (B4 ) » TALN CHOYARLO
COMMAN  fMASCOM/ CHARRGAIRV, CHD24R50

TCARANTLZ05) CARRNE(205) oSTLCAYT (2051 4SILLASI206: 4PYROI206) sDEP(206)CHDILRE0
JeHYD(205) yAERC(205) s AERN(205) sBURNI(205) »WFD (2051 WDFP(205) +WSI(20CHD14870
26 ) JWBRN {205 ) 2 EMWT (P08 ) 4DRG( D0 ) CHD34ARO
LeTIMEX(GN) s IFT (RO GNP TS CHN36RS0
54PORI205) yPERM] (2081 yPERM21205) s VISC 1205} sGCONIRHOTS+CARTSSILTSs CHD34900
6PORT4PERT]sPERTZ yDCOH+DCOO0 s DCIPY »DCADP 9DCOST »DCOCM s DCONs CFXH »CFXO+CHN34910

TCFXPY s CEXNP 2y CFXST o CFXCMGCFXNWDIFCO(205) +SOX{205) CHD34920
RyALLGASI205) ¢GRAF 112051 yGRAFS5(20&} 4<PFEDI205) CHN149130
DIMENSTIAN RHOR(1)sXP(114PRHOA(I) RHOU(Y) CHD34940
EQUIVALENCE (RHOS(119)1sRHOR{1}) » (CHARPT{(2)4XR{1)) CHD34950
1 + {RHOU (1) sRHO5{2051} s (PRHOA(1)+XVIRGI1)} CHD14960
DATA HLAM]/&H LAMIN/sHLAM2/2HAR/ +HTURB1/6HTURBUL/ s HTURB?2 /3HENT/ CHD?24970
C CHD34980
C CHN 34990
C PRINT TEMPERATURE, DENSITY: AND GAS PRESSURE DISTRIBUCHD35000
C FOR DFTAILED DESIGN CHN25010
. WRITE (6+1000) TAUL#ITERT CHD35020
390 WRITE (541015} CHD35030
1SPY=1 CHD35040 §
397 CONTINUF CHNI5C50 -
DO 479 1=NHNPs1,s-1 CHN35060
IPLUS=1+2023 ~HN25070
IF (1-NREND) 40344034400 CHD35080
400 IF (1-NNP) 460+4N7,40) CHD35090
401 JSUR=192 CHD135100
GO TO 410 CHD35110
403 IF (1-NRGO) 460:460,404 CHD35120
404 JSURSNRDIV*(1-NRGO)+120C cHN351130
41C FNRDIV=NROIY CHN25140
OX=(XLFFT(I)=XLEFTtI-11)/FNRDIV rHN35150
XDUM=XLFFT(I)~XLFFT(1)4DX CHN285160
NO 450 .J=1sNRDIYV CHN35170
XDUMz XDUM~DX CHD35180
LT=J5UuB- CHD3%5190
TOUM=TS (L T)~4659,69 , CHD3%200
IF(J=11420+420+630 CHD3%210
420 RHOxRHOS&{1PLLS) CHD15220
Mz | CHD35230
GO TO 444 CHN35240
420 RHO=RHO& (LT} £HN35250
M=1-1 CHD15260
446 GO YD (445,448)915PY CHD135270
445 CONTINUF CHD35280
RHODE =RHO-CATANI (LT )-SILCAI (LT 1=GRAFI(LT) CHD25290

WRITE (6+1016/ MsXDUMyTOUM»OCOND (LT} yPHO «RHNDE ¢ CARBNY(LT) +GRAFY (LTCHDA5300

: 182
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R P i Lllh CRats DN

YYeQILCATIL TN PRI I ) W T THaSPPFNLT) rHN1§210

GO YO 450 FHN15320
4bh6 CONTINUS rHN15330
WRITE (641022) MyWF(LT) oWFDILT) 2 ADFPILT I oWSTILT) sWRBRN(LT ) yAERO(LTICHD3I®340
ToAERNILTYoHYD(L T ) oPYROILT Y eDEPILT T oSOXIL 1) sBURNILT ) 4ALLGASIL T rHN2S250
450 CONTINUF H4N15340
GO 12 470 CHPN15370
460  TDUM=YS([)1-48Q,60 CHNA53RO
XDUM=XLEFT{1)=-XLFFT(1) CHD35390
GO TO t4h196kD ) [SPY FHN35400
461 CONTINUF CHR3I5610
RHG=RHO®{ IPLUS} CHD39470
RHODE=RHCS(IPLUS)I~CARBNI(T-SILCALITI=-GRAF (1) CHD35430
WRITE (691016) 1sXDUMsTDUMIOCOND(T) sRHNIRPHODE +CARPBNI( ) 4GRAFI( IV y CHN1I544L0
1CILCAT(I)oPRG (1) yFMWTLT) 4SPEED () rHN1I$450
GO T0O 461 CHD5460
467 CONTINUF cHnAS4 TN
WRITE (601022 ToWFtT1oWFDIT)oWDFPLI)sWST(T)eWBRNETISAEROI(T Y CHD315480
TAERNU T oHYD( 1) s PYRO( I oDEPU T ) oSOX T ) sBURNIT ) »ALLGASIT) CHD35490
467 CONTINUF rHun15500
470 CONTINUE CHD15510
GO TO (471247209 15PY CHD15%20
471 1SPY=> CHDAS K20
WRITE (441021 CHDAS584 0
‘ GO 10 392 CHND35650
477 CONTINUF FHN35 60
1000 FORMAT (1H1s6H TIME=FBe?2+5X1THTOTAL ITERATIONS=164/7) CHD13%£870
1015 FORMAT(IHO»TX8HDISTANCE14X9HCONDUCTEDTX 1 BHm=ws—cm—mmmrccem e CHD155%80
13SH-DENSITIFS (LBM/FTY) -~ em - 2X RHINTFRNAL/9H NODF FR CHD35%90
230HOM BACK TEMP HEAT FLUX7X28HTOTAL DECOMP CARBONCHD35600
14X Y THGRAPHITC SILICA gX1nHPRESSYURE MOL WT VFLOCTTY/9X CHD2A5K10
4 GHUINYAX22H(DEG F) (RTU/FT2-SEC)IS50X SHILBF/FT2114XARH(FT/SECY/)Y CHD3%620
1016 FORMAT (1H s13sF 106t 0F12e20F15e4+2X95F116¢49F 1265 +1F9,23E1%.45) CHD254630
1021 FORMAT(1HO+6X=3HGAS FLOWs IX 9 32H~~—=--~ SOURCFS AMD SINKS-======- 5XCHN35640
1 T4H=— === e e mt e e e - CONCENTRATJONS-= =~ vwmmr o= CHD35650
2= mmm e ——— - /15H NODE RATEL(LAM/+12X14H{LBM/NODL-SEC) v49X14HILBM/FTICHD35660
3 VOIDY/IX83HFT2~SEC) PYRO DEPN 51-C INT COMB OXYGEN CHDA%470
43X27H NITROGEN HYDROGEHN PYROs6X s 4MDF PN o6 XIHSINTXGHRURNAXSHTOTACHND 25680
€L/ CKN356G0
1027 FORMAT(149E1 1640 1Xet:FOa24BE1N,) CHD2%700
END CHD3Y5710
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- FOR

TRSTED S TRSTFP
FUNCTION TASTEP (TAUY o TIMF14DSTERPNPTS)
DIMFNSION TIMFI{1)sDNESTFF(])

1%2

IF (1=NPTS) Se%904

TBSTEPSDCTEP (-1}

RETURN

TF (TAUY=-TIMFLI (1)) T,64h

fz1+1

GO 10 3

CONTINYF

TBSTEPsTIMEL (1) -TAUY
TBSTEPSAMINY (TBSTEP «DSTEPI =11}

RETURN

END

CHDA5T720
CHD35720
CHNAS 74D
ZHN357%0
THN35740
CHN35770
CHD15760
CHN35790
CHRASR00
CHD35810
rHN35820
CHDI%3%0
CHD*5R40
CHD35850
CHD35860




#7N

- FOR OQUTPUTCUTPUT

SURROUT INF OUTPUT (MTO} CHD%5870

COMMON /RLOCKA/ CHL 35880

1ABSORP(10) +ABSC vACTENC vACTENS +sACTENY (49100 CHD3ISBIC

2BSTAR WCCPCHLL) »ZCPGI4) sCHARPT (1011 wCKCiA) sy CHD35900

ICOEFT(1ue10}) 2CONDC yCONDVIE100)  +(ONST{4+)0} »COVERX{100) » CHD3I5910

4CPBAR »CPC +CPVI100) 'DIFREC YUMATER{30) » CHD15920

SEFCOLC 2EFCOLS vEFCOLVIGsi0)2FMISII0]) sEMISC s CHD35530

HHOFM{10) +HCCM »HCOMG YHEUB yMAT(100) v CHD15940

TMATOMN oMATMNF »MN NN +NNP » CHN35970

BRNSAVE INRDIV sNREND *NRGDO »NST » CHDI5960

9PARTIN(101) »PHI +»QBYRAD tQCOMB SQEXTR » CHDIS970

1QG6PCOM »QSUBL +RECPRO sRCORDC 'REORDS » CHD3I5980

2REORDVI{ 44101 9RHOSZ sRHOS%(305) sRHOCPX{101) #RHOC + CHD35990

3RHOV(10) »SABL 2 SABLC »SDOT s SDOTC s CHD16000

4SLOPE(1D) o TMELT(10) 2782 2 7S(208%) » TRCHAR s CHD6010

SWF X sWF (205) s XCHAR oXINIT oXLEFT(101) » CHD6020

6XMASS » XMDOTC s XMDOTD +XMDOTG 2 XMDOTL » CHD316020

TXMDOTR » XMDOTS s XTOTAL cXVIRG(101} oXZONE CHD26040

COMMON/ BL OCkC/ CHDA6050
1BLPRES(Z0911) +COMMAX 'CUTOFF oF{20411) » CHD26060

2FLOWIP0+31) osHCUNVI20+11!+1ERROR P JUNCT (1K ¢+ CHD26070

N #NOSECH »QBACK yQUONV (200115 +QGAS(20411) » CHDA6DBO

4oM18C ' TIME s 1PRINT s TWALL (20011 o XIWALL (20211} CHD26090

SXIR(20411) rHN36100
COMMON/BLOCKR/DIFC{4) +EROCI 4 sERODE CHNR16110

COMMON /NASCZOM/ CHATRO'AIRM, CHD36120

1CARBN1(205) s CARBNS (205) o SILCALI1205) sSILCAS(205%)PYRO(205]) +DEP{205)1CHD26130

/ ) 2vHYD( 2051 sAERO(205) yAESRN{205) 9BURN(205) o WFD1205) s WNEP(205) s WSI(20CHD36140
"1 2%) JWRRN(20%,; +sEMWT (205) 2PRG( 208} CHD36150
: Gy TIMEX(RD)sTFT(50) oNPTS CHD26160
3,POR(20%) sPERM] {205) +PERM2{205) ¢ VISC(205) 9GCONIRHOTSICARTS4SILTSe CHDI61T70

N 6PORTPERTIIWPERT29DCOHsDCOOsDCOPY +LCNOPDCOS ! vDCOCMsDCONYCFXHLFXOoCHN36180
' TCFXPY o CFXBPvCFXSToCFXCMyCFXNODIFCN(205) 250X (205) CHD16190

BOALLGAS(ZOS)oGRAFI(?OSloGR&F5(205l059550(205)tDlFCH(?OS)oﬁlFR(ZOS)CHD36203
9IVISCOIVISCONIAF yBF ¢ SILICAIYREQsPMW e DMW o HMW s AOMW s ANMW » SMW s BMW»C X1 6 ) CHD 36210

1+QSTaNBRNQDLP CHD36220
WRITE (64+1049) CHD36230
00 10 I = 1,470 . CHD36240
N WRITE (651080} 1 . CHD262890
: WRITE (46,1051) CHNI6260
’ WRITE (6430527 ACTENVIIo1)sACTENVITI9219EFCOLY (192 ) vEFCOLV 1 02) CHD36270
B 1RECRDV(141)sREORDVII 2! CHD26280
N WRITE 1641053, HOFM(1I) CHD2629C
' WRITE(691054) (SOCFT(loJlodelob) s (CONST(0U)0JUs1 vk} CHN16300
WRITE(601055) EMIS(1)¢ABSORPLI) sRHOVIT}eSLOPE(]) CHD36310

10 CONTINUE CHD36320 )
HRITE (641056) CNN15330

WRITF (6,1057) : rN1125340 t

WRITE (643052) ACTENCACTENS+EFCOLCIEFCOLS»REORDCIREORDS CHDI6350 f

WRITE (6+1058) HCOM CHD36360 ;

WRITE (6410601 HSUB CHD161370 b

WRITE (6+1061) EMISCoABSCoRHOT, TRCHAR CHD36380 §
WRITE (691062} CHARRC CHD36390

WRITE 1641063} CHNDY64L00 §

+
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WRITE (601C64) (CCPG(J)ods]l b} CHD36410

WRITE(6+106%) HTOMG CHD26420
WRITE (641066) CHD264130
WRITE(8+1067) CARTSsRHOTSySTLTS CHD366440
WRITE (6+1068) PORTPERT]IHIPERT2 CHD36450
WRITE (64+17°69) VISCOsVISCON C3936460
WRITE (84317703 DCOCM+DCODP+DCONIDCOODCOPY 4DLOS] CHD36470
WRITE (64910710 BSTARS(DIFClU) o n] v4) CHD36480
WRITF (6510721 QSI+QNFP CHN25490
WRITE (6+1073) BF,AFsRED CHD26500
WRITE (8+1C74) SILICA CHY16510
WRITE (691C75) CXU1)oCXU&)oCAI2)oCXIB) ol X{3)oCXI(6) CHD36520
1049 FORMAT (1HO»10Xs39HMATERIAL PROPERTIES OF VIRGIN MATERALS) CHD365130
1050 FORMAT (1HOs14XeJIHMATERIAL (92 91H)) CHD36540
1051 FORMAT (]1HDO»59X10HFIRST REAC6X11HSECONO REAL) CHD136550
1052 FORMAT {(1H 924X+ 28HACTIVATION TEMPERATURE ¢DEG R +6X9sF10e196XsF101CHN36560
1 725X325%COLLISION FREQUENCY1/SEC 19X9ElaebsE160d CHD36570
2/7725X+14HREACTION ORDER20X%XsF10e4+6XsF10e1) : CHD16580
1053 FORMAT {(1HO924X929HHEAT OF DECOMPOSITIONIBYU/LBMySX:F10e2) CHD36590

1054 FORMAT (1HO#24X927HSPECIFIC HEATBTU/LBM-DEG R 9 7X91H(E1O4493H)+CHD36600
1OoE10e4st4HITHIIEIO0 o THITHE24({ gE100495H)TH#3/25X+34HCONDUCTIVITY »BCHD36610
2TU=IN/FT2=-SEC-DEG R +1H(E10e4e3H)+{ sEL1De& st HITH(sE100bsTH)TH#24(, CHD36620
3E1044e5HITHE) CHD38630

1055 FORMAT (1HO924Xv1OHEMISSIVITYs2&6X9F10e4/25X12HABSORPTIVITY 522X CHD26640
1F10,4/25X1SHDENSTITY oL BM/FT3419X9F102/729X34HTRANSPIRATION FACTOR (CHD366£50

2ABL GASES) #F1l0e4) CHD3666N
1056 FORMAT (1HO/10X31HMATERIAL PROPTRTIES OF THE CHAR) CHD16690
1057 FORMAT (1HO»53Xs 19HCOMBUSTION REACTION#3X9]16HCHAR SUBLIMATION) CHD3670C
1058 FORMAT (1HO+24Xe26HHEAT OF COMBUSTION'BTU/LBMBXeF104¢2) CHD136710
1060 FORMAT (1M +24X9s2THHEAT OF SUBLIMATIONSBYU/LBMe7X9F10e2) CHD36720

1061 FORMAT {1HO924Xe10OHEMISSIVITY426X9F1064/25X12HABSORPTIVITY 022X CHD36730
1F1004 725X 15HDENSITY aLBM/FT3919X9F1Ge2/25X34HTRANSPIRATION FACTOR (CHD126740

2CHAR RASFS) ¢F10,4) CHNI6750
1062 FORMAT (1HO 924X 938ADENSITY OF THE CARBON YN CHARILBM/FT3 oF7,2} CHD36760
1063 FOR:AT (JHO/1O0X23HABLATION GAS PROPERTIES) CHD36770
1064 FORMAT (1HCo24Xe2THSPECIFIC HEATBTU/| BM~-DEG R sTXo1HIEL1De&»IHI+CHDI6780
1U0E105454H)TH(4E 10049 THI T2+ (4E100498H) THa3) CHD36790
1065 FORMAT (1H »24X930HHEAT 0" GAS COMBUSTINONBTU/LBMI4XsFlue2) CHD36%00
1065 FORMAT (*HO/10X15HOTHER CONSTANTS! CHD36810
1067 FORMAT (1HO924X34HTHEORETICAL CARBON DENSITYsLBM/FT34F10,2/ CHD36820
125X+ 34HTHEORETICAL VIRGIN DENS:ITYsLBM/FT34F1042/ CHD368130
225X 934HTHEORETICAL SILICA DENSITYsLBM/FT34F1042) CHD36840
1068 FORMAT (1HO+24Xv1RHREFERENCE POROSITY»16XsF10e4/ CHD36850
125X 934HREFERENCE VISCOUS PERMEABILITYFT24E14e6/ CHN36860
225X+3SHREFERENCE INERTIAL PERMEABILITYsFT 4E1346) CHD36870
1069 FCRMAT {1HO+24Xs3CHREFERENCE VISCOSITYsLBM/FT=SECIELIG e/ CHD36880
125X934HREFERENCE TEMPERATURE FOR ViSCesR 4F10.2) CHD3689Q
1070r;0R"AT {1HO» 14X »34HSURFACE DIFFUSION CONSTANTFT2/SEC/ CHD 36900
25X 9 15HCARBON MONOXIDE19XeEi16446/ CHN36910

225X 932HDEPOSITION GAS {EXCEPTY HYDROGEN) s2XoElb et/ CHD316920
325X +BHNITROGEN 26X eE14e6/ CHN 169130
425X yBHOXYGEN +26X9Elhe6/ CHD36940
525X+ THMETHANE »2TX0E 14 06/ CHD3S950
625Xy 16HSILICON MONOXIDE+18XsE1446) CHD36960
1071 FORMAT {1HO/25Xes 1THBLOWINZ CARAMETER1TXF1044/25X, CHD36970
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129HDIFFUSION REDUCTION PARAMETERsSXIHIE104403HI+(2E1CeLsoHIETA+ (s CHDI6980

210, 6L 9RIETARRI4{ sF10 ek o THIFTARRY) CHN2699N
1072 FORMAT (25X932HHEAT OF REACTIONs S102-CoRTU/LBMe2XF1042/ CHD3I7000
125X939HHCAT OF REACTIONs C DEPOSITIONs BTU/LBMiFB.2) CHD3TH10
1073 FORMAT (1HO#14X9232HSILICA-CARBON REACTION CONSTANTS/ CHD3702C
1 28X 28HACTIVATION TEMFERATUREIDEG R s4XsF10e1/ CHD37030

F 25X925HCOLLISION FREQUENCY ) /SEC +19X1E140 6 CHD37040
3/25X+14HREACTION ORDER920XoF10,44) CHD370%0
1074 FORMAT (1HO0924Xe3B8HSILICA DENSIT. IN INITIAL CHARs|.BM/FT3s FBe2) CHD17060
1075 FORMAT (1HO914Xe36HCARBON DEPOSITION REACTION CONSTANTS/ CHD17070
11HO»S8X s 12HLOW HYDROCEM&X ¢13HHIGH HYDROGEN/ CHD2A71)80
225X 1HX 333X El14463E16e6/725% s 1HY 633X 0 14 0E16e6/25%31H2433%Xs514468H03570508
31E1646) CHD37100
RETURN CHD37110

END ’ CHD37120
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